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NATURAL THEOLOGY. 



CHAPTER XXL 

THE ELEMENTS. 



When we come to the elements^ we take leave of 
our mechanics ; because we come to those things, 
of the organisation of which, if they be organised, 
we are confessedly ignorant. Tliis ignorance is 
implied by their name. To say the truth, our 
investigations are stopped long before we arrive 
at this point. But then it is for our comfort to 
find, that a knowledge of the constitution of the 
elements is not necessary for us. For instance, 
as Addison has well observed, " we know water 
sufficiently, when we know how to boil, how to 
freeze, how to evaporate, how to make it fresh, 
how to make it run or spout out, in what quantity 
and direction we please, without kno\Ving what 
water is." The observation of this excellent wi*iter 
has more propriety in it now, than it had at the 
time it was made; for the constitution and the 
constituent parts of water appear in some mea* 
sure to have been lately discovered ; yet it does 
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2 NATURAL THEOLOGY. 

not, I think, appear, that we can make any better 
or greater use of water since the discovery than 
we did before it. 

We -can never think of the elements, without 
reflecting upon the number of distinct uses which 
are consolidated in the same substance. The air 
supplies the lungs, supports fire, conveys sound, 
reflects light, diffuses smells, gives rain, wafts 
ships, bears up birds. *E? v^xros rx vavrx : water, 
besides maintaining its own inhabitants, is the 
universal nourisher of plants, arid through them 
of terrestrial animals ; is the basis of their juices 
and fluids; dilutes their food; quenches their 
thirst; floats their burdens. Fire warms, dis- 
solves, enlightens : is the great promoter of vege- 
tation and life, if not necessary to the support of 
both. 

We might enlarge, to almost any length we 
please, upon eadi of these uses ; but it appears 
to me almost sufficient to state them. The few 
remarks, which I judge it necessary to add, are 
as follow : — 

I. Air is essentially different from earth. 
There appears to be no necessity for an atmos- 
phere's investing our globe ; yet it does invest it : 
and we see how many, bow various, and how im- * 
portant are the purposes which it answers to 
every order of animated, not to say of organised. 
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NATURAL THEOLOGY. 3' 

beings, which are placed upon the terrestrial sur- 
face. I think that every one of Ihese uses will be 
understood upon the first mention of them, ex- 
cept it be that of reflecting light, which may be' 
explained thus : — If I had the power of seeing 
only by means of rays coming directly from the 
sun, whenever I turned my back upon the lumi- 
nary, I should find myself in darkness. If I had 
the power of seeing by reflected light, yet by 
means only of light reflected from solid masses/ 
these masses would shine indeed, and glisten, but 
it would be in the dark. The hemisphere, the 
sky, the world, coidd only be illuminated, as it is 
illuminated, by the light of the sun being from all 
sides, and in every direction, reflected to the eye, 
by particles, as numerous, as thickly scattered, 
and as widely diffused, as are those of the air. 

Another general quality of the atmosphere is 
the power of evaporating fluids. The adjustment 
of this quality to our use is seen in its action 
upon the sea. In the sea, water and salt are 
mixed together most intimately ; yet the atmos- 
phere raises the water, and leaves the salt. 
Pure and fi^sh as drops of rain descend, they are 
collected from brine. If evaporation be solution 
(which seems to be probable) then the air dis- 
solves the water, and not the salt. Upon what- 
ever it be founded, the distinction is critical : so 

b2 
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4 NATURAL THEOLOGY, 

much SO, that when we attempt to imitate the 
process by art, we must regulate our distillation 
with great care and nicety, or, together with the 
water, we get the bitterness, or at least the dis- 
tastefulness, of the marine substance ; — and, after 
all, it is owing to this' original elective power in 
the air, that we can efiFect the separation which we 
wish, by any art or means whatever. 

By evaporation, water isi carried up into the 
air ; by tlie converse of evaporation, it falls down 
upon the earth. And how does it fall? Not by 
the clouds being all at once re-convertcd into 
water, and descending like a sheet ; not in rush- 
ing down in columns from a spout ; but in mode^ 
rate drops, as from a colander. Our watering- 
pots are made to imitate showers of rain. Yet, 
a prioriy I should have thought either of the two 
former methods more likely to have taken place 
than the last. 

By respiration, flame, putrefaction, air is ren- 
dered unfit for the support of animal life. By 
the constant operation of these corrupting prin- 
ciples, the whole atmosphere, if there were no 
restoring causes, would come at length to be 
deprived of its necessary degree of purity. Some 
of these causes seem to have been discovered, 
and their efficacy ascertained by experiment; and 
so far as the discovery has proceeded, it opens to 
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NATURAL THEOLOGY. 5 

lis a beautiful and a wonderful economy, Veyc- 
fation proves to be one of them. A sprig of mint, 
corked up with a small portion of foul air, placed 
in the light, renders it again capable of sup- 
porting light or flame. Here, therefore, is a con- 
stant circulation of benefits maintained between 
the two great provinces of organised nature. 
The plant purifies what the animal has poisoned; 
in return, the contaminated air is more than ordi- 
narily nutritious to the plant. * Agitation with 

* The experiments of Priestley, confirmed by those 
of Ingenhouz and Saussure, led to the conclusion that 
the air is kept pure hy the action of plants, these 
emittiBg more . oxygen gas hy day than carbonic acid 
gaa by night. Some doubt was thrown upon this point 
by the experiments of Mr. Ellis; but these appear to 
have been removed by Sir H. Davy's remarks and ex- 
periments. It seems probable that the plant, growing 
in the light, decomposes both the carbonic acid which 
exists, though in a very small proportion, in the atmos- 
phere, and also any that may exist in the water ap- 
plied to its leaves ; for Sennebier found that when these 
are immersed in water impregnated with carbonic acid, 
oxygen gas was evolved, but not if water was used 
which had been boiled. 

The process of vegetation appears to be the great 
means of supplying the loss of oxygen iin the atmos- 
phere ; indeed, none other have been as yet discovered. 
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6 NATURAL THEOLOGY. 

water turns out to be another of these restorar 
tives. The foulest air^ shaken in a bottle with 

The composition of the atmosphere, in respect of purity, 
though at one time supposed to vary in different places, 
is now ascertained to be everywhere invariably the same. 
It contains about 20 parts of oxygen gas, by measure, iu 
100, and the remaining 80 are almost entirely nitrogen 
gas. The only variation is^n the slight portion of car- 
bonic acid gas, which never exceeds 1 in 100, and is 
seldom more than 1 in 1000, supposing the circulatioa 
of the anr to be unconfined. But the proportion of 
oxygen to the whole bulk has been found to be the same 
At nearly 22,000 feet high, and in the deepest valleys; 
the same in countries widely remote from each otheis 
and differing in chmate as well as soil; the same in the 
:xnost pestilential marshes, or in hospitals, and in the most 
open and healthy situations. The agitation of the air 
by winds speedily mixes all its strata, and prevents the 
effects of breathing and burning from being perceive^. 
Yet a constant consumption of oxygen is going oa, 
wherever there are either living creatures of the hot* 
.blooded class, or fires of any kind, natural or artificial ; 
and this is so balanced by the process of vegetation, 
that the uniformity of the air's composition is maintained 
.universally. 

The union in which the oxygenous and nitrogenous 
.portions of the atmosphere exist, also merits attention. 
It is ascertained to be of a peculiar kind ; for it is not 
.merely that of mechanical admixture — the union of 
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NATURAL TBEOLOQY. 7 

water for a soflScient fefigtii of time^ recoya*s a 
great d^ree of its purity^* Here then again^ 
allowing for the scale upon which nature works, 
we see the salutary effects of stomu and tempests. 
The yesty waves whi<^ confound the heaven and 

aggregation, — ^inasmuch as the nitrogen gas, being about 
a seventh part lighter than the oxygen, would rise to the 
top, and so make the air of higher elevations more pure, 
contrary to the fact. Nor is it like most other chemical 
unions, inasmuch as it is both extremely feeble, and is 
formed without any diminution in the bnik of the two 
substances combined together. But the kind of union 
in which the two gases are held is productive of the 
most beneficial effects. Their disengagement from each 
other is so easily accomplished, that there is the greatest 
facility in supporting ftame and respiration ; while their 
mixture is so perfect, that the mischiefs are prevented 
which would arise from their being exhibited either to 
the lungs or to heated bodies in their pure state. 

* That agitation with water will remove certain imr 
purities in the air is undeniable, but not all impurities. 
Animals by breathing consume the oxygen, leaving car- 
bonic acid gas and nitrogen gas. Water absorbs the 
former easily, and bulk for bulk ; but of the latter it will 
only absorb Ij per cent. So of the products of putre- 
faction, (beside carbonic acid,) carburetted hydrogen, 
and sulphuretted hydrogen gases, water will absorb of 
the latter bulk for bulk ; but not above If per cent, of 
the former. 
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9 NATURAL THEOLOGY, 

the sea, are doing the very thing which was done 
in the bottle. Nothing can be of greater im* 
portance to the living creation, than the salubrity 
of their atmosphere. It ought to reconcile us, 
therefore, to these agitations of the elements, of 
which we sometimes deplore the consequences, 
to know that they tend powerfully to restore to 
the air that purity which so many causes are 
constantly impairing. 

II. In Water, what ought not a little to be 
admired, are those negative qualities which con- 
stitute its purity. Had it been vinous, or oleagi- 
nous, or acid; had the sea been filled, or the 
rivers flowed, with wine or milk, fish, constituted 
as they are, must have died ; plants, constituted 
as they are, would have withered ; the lives of 
animals which feed upon plants must have 
perished. Its very insipidify, which is one of 
those negative qualities, renders it the best of all 
menstrua. Having no taste of its own, it becomes 
the sincere vehicle of every other. Had there 
been a taste in water, be it what it might, it would 
have infected every thing we ate or drank, with 
an importunate repetition of the same flavour. 

Another thing in this element, not less to be 
admired, is the constant round which it travels ; 
and by which, without suffering either adultera- 
tion or waste, it is continually offering itself to 



Digitized 



by Google 



NATURAL THEOLOGY. 9 

the wants of the habitable globe* From the sea 
are exhaled those vapours which form the clouds : 
these clouds descend in showers, which, pene- 
trating into the crevices of the hills, supply 
springs ; which springs flow in little streams into 
the valleys; and there uniting, become rivers; 
which rivers, in return, feed the ocean. So there 
is an incessant circulation of the same fluid; and 
not one drop probably more or less now than 
there was at the creation. A particle of water 
takes its departure from the surface of the sea, in 
order to fulfil certain important offices to the 
earth ; and having executed the service which 
was assigned to it, returns to the bosom wliich it 
left. 

Some have thought that we have too much 
water upon the globe, the sea occupying above 
three-quarters of its whole surface. But the ex- 
panse of ocean, immense as it is, may be no more 
than suflScient to fertilize the earth. Or, indcr 
pendently of this reason, I know not why the sea 
may not have as good a right to its place as the 
land. It may proportionably support as many 
inhabitants ; minister to as large an aggregate of 
enjoyment. The land only affords a habitable 
surface; the sea is habitable to a great depth. , 

III. Of Fire, we have said that it dissolois. 
The only idea probably which this term raised 

b3 
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10 If ATURAL THEOLOaT. 

kk the reader's mind^ was that of fire meltkig 
metals, resins, and some other substances, fluaoBg 
<M*es, running glass, and assisting us in many of 
our operations, di^nical or culinary. Now these 
ore only uses of an occasional kind, and giye us a 
very imperfect notion of what fire does tar u& 
The grand importance of this dissolving power^ 
the great office indeed of fire in the economy of 
nature, is keeping things in a state of solution — 
that is to say, in a state of fluidity. Were it not 
for the presence of heat, or of a certain degree of 
it, all fluids would be firozen. The ocean itself 
would be a quarry of ice ; universal nature stiff 
and dead. 

We see, therefore, that the elements bear not 
only a strict relation to the constitution of or- 
ganised bodies, but a rela^on to each, other. 
Water could not perform its office to the eartji 
without air ; nor exist, as water, without fire. * 

' The conducting powers of different substances arc 
beautifully adapted to the wants of the animal and vege- 
table kingdom. Snow is so bad a conductor, that it 
protects the ground eflfectually in rigorous climates. It 
is said that in Siberia there have been known to be as 
many as 38 degrees (Fahrenheit) of difference, between 
the temperature of the air and that of the ground under 
tdie snow ; the latter not being cooled mujch below the 
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IV. Of light (whether we rcgwrd it as of tibtf 
iame substance witii fire^ or a& a different sub* 
utance), it is altogether saperfluous to expatiate 
upon the use. No man dkputes it. The ob* 
i&ervations^ therefore^ which I shall offer^ respect 
that little which we seem to know of its constitu* 

tlOB. 

Light travels flronir the snn at the rate of twelve 
millions of miles in a minute. Urged by such m 
vdocity, with what force must its particles drive 
against (I will not say the eye, the tenderest of 
animal substances^ but) every substance, animate 
or inanimate, which stands in its way ! It might 
aeem to be a force sufficient to shatter to atom* 
the hardest bodies. 

How tlien is this effect, the consequence of 
such prodigious velocity, guarded against ? By 

freezing point. So, too, the animal which, transported 
to warmer climates, becomes covered with hair, has in its 
own cold country a woolly covering, and this conducts 
heat so slowly as to accumulate that which respiration 
is continually producing. 

The peculiarity which distinguishes water from other 
fluids in freezing, likewise merits attention. It expands, 
instead of continuing to contract, when cooled to the 
freezing point; and this has the usefril effect of crumb- 
ling earth and even rocks, s6 as to render them fit for 
assisting the process of vegetation. . 
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a proportionable minutenest of the particles of 
which light is composed. It is impossible for the 
human mind to imagine to itself any thing so 
small as a particle of light. But this extreme 
exility, though difficult to conceive, it is easy to 
prove. A drop of tallow, expended in the wick 
of a farthing candle, shall send forth rays suffix 
eient to fill a hemisphere of a mile diameter ; and 
to fill it so full of these rays, that an aperture not 
larger than the pupil of an eye, wherever it be 
placed within the hemisphere, shall be sure to 
receive some of them. What floods of light are 
continually poured from the sun, we cannot esti- 
mate ; but the immensity of the sphere which is 
filled with particles, even if it reached no farther 
than the orbit of the earth, we can in some sort 
compute; and we have reason to believe, that, 
throughout this whole region, the particles of 
light lie, in latitude at least, near to one another. 
The spissitude of the sun's rays at the earth is 
such, that the number which falls upon a burning- 
glass of an inch diameter, is sufficient^ when con- 
centrated, to set wood on fire. 

The tenuity and the velocity of particles of 
light, as ascertained by separate observations 
maybe said to be proportioned to each other, 
both sui*passing our utmost stretch of compre- 
hension ; but proportioned* And it is this pro- 
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portion alone which converts a tremendous ele- 
ment into a welcome visiter. 

It has been observed to me by a learoed friend> 
as having often struck his mind> that, if light had 
been made by a common artist, it would have 
been of one uniform colour : whereas, by its pre- 
sent composition, we have that variety of colours 
which is of such infinite use to us for the distin- 
guishing of objects ; which adds so much to the 
beauty of the earth, and augments the stock of 
our innocent pleasures. 

With which may be joined another reflection, 
viz. — that, considering light as compounded of 
rays of seven diflerent colours (of which there can 
be no doubt, because it can be resolved into these 
rays by simply passing it through a prism), the 
constituent parts must be well mixed and blended 
together, to produce a fluid so clear and colour- 
less, as a beam of light is, when received from 
the sun. * 



* The substitution of the undulatory for the atomic 
theory of light would produce no alteration whatever in 
the author's conclusions ; and, so far from diminishing, 
would rather increase the astonishment which the phe- 
nomena of Optics are calculated to excite. The same 
may be said of the discoveries made partly since Dr. 
Paley's time, partly immediately before the composition 
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t)f his work, of the two other kinds of rays which accom*- 
pany those of light ; the caiorificy or heat-making, whiek 
partly mix with the colorific^ or colour-making, of the 
ftpectrum, and partly &11 beyond the least refrangihk 
rays; and the chemical^ which affect certain metallic 
jsalts, without either producing illumination or exciting 
heat, and which are to be found amo][ig and beyond the 
most refrangible rays : So that a beam of white light 
consifets of three kinds of ray, and one of these kinds 
consists of seven subdivisions, at least according to the 
Newtonian theory, which divides the colours into seven 
instead of innumerable gradations of shades. 
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CHAPTER XXII. 

ASTRONOMY.* 

My opinion of Astronomy has always been that 
it is not the best medium through which to prove 
the agency of an intelligent Creator; but that, 
this being proved, it shows, beyond all other 
sciences, the magnificence of his operations. The 
mind which is once convinced^ it raises to sufa« 
Umer views of the Deity than any other subject 
affords; but it is not so well adapted as some 
other subjects are to the purpose of arguments 
We axe destitute of the means of examining the 
constitution of the heavenly bodies. The very 
simplicity of their appearsmce is against thenL 
We. see nothing but bright points, luminous 
circles, or the phases of spheres reflecting the 
light which falls upon them. Now we deduce 
design from relation, aptitude, and correi^ondence 
of paHs, Some degree, there£9re, of complexityt 

* For the articles of this chapter marked with an asterisk, I am 
mdt;bted to some obliging communications received (thrQiigh the 
hands of the Lord Bishop of Elphin) from the Rev. J. Brinkley, 
M. A., Andrew's Professor of Astronomy in the University of Dublin. 
—{Note of ike ^w^or .)—[Prol4B8sor Brinkley was afterwards, as 
is well known, Bishop of Cloyne. His lordship, upon being made 
acquainted with the plan of the present publication, kindly com- 
municated the notes now added, and which are marked with hii 
name.} . 
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is necessary to render a subject fit for this species 
of argument. But the heavenly bodies do not, 
except perhaps in the instance of Saturn's ring, 
present themselves to our observation as com- 
pounded of parts at all. This, which may be a 
perfection in them, is a disadvantage to us, as 
inquirers after their nature. They do not come 
within our mechanics. 

And what we say of their forms is true of their 
motions. Their motions are carried on without 
any sensible intermediate apparatus ; whereby 
we are cut off from one principal ground of argu- 
mentation — analogy. We have nothing where- 
with to compare them ; no invention, no disco- 
very, no operation or resource of art, which, in 
this respect, resembles them. Even those things 
which are made to imitate and represent them — 
such as orreries, planetaria, celestial globes, &c., 
bear no affinity to them, in the cause and prin- 
ciple by which their motions are actuated. I can 
assign for this difference a reason of utility — viz,, 
a reason why, though the action of terrestrial 
bodies upon each other be, in almost all cases, 
through the intervention of solid or fluid sub- 
stances, yet central attraction does not operate in 
this manner. It was necessary that the intervals 
between the planetary orbs should be devoid of 
any inert matter, either fluid or solid, because 
such an intervening substance would, by its re- 
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sistance> destroy those very motions, which at- 
traction is employed to preserve. This may ho 
a final cause of the difference ; but still the dif- 
ference destroys the analogy. 

Our ignorance, moreover, of the sensitive na- 
tures, by which other planets are inhabited, neces- 
sarily keeps from us the knowledge of numberless 
utilities, relations, and subserviencies, which wc 
perceive upon our own globe. 

After all; the real subject of admiration is, 
that we understand so much of astronomy as we 
do. That an animal confined to the surface of 
one of the planets ;. bearing a less proportion to 
it than the smallest microscopic insect does to the 
plant it lives upon ; that this little, busy, inquisi- 
tive creatm-e, by the use of senses which were 
given to it for its domestic necessities, and by 
means of the assistance of those senses which it 
haa had the art to procure, should have been 
enabled to observe the whole system of worlds to 
which its own belongs ; the changes of place of 
the immense globes which compose it ; and with 
such accuracy as to mark out beforehand the 
situation in the heavens in which they will be 
found at any future point of time ; and that these 
bodies, after sailing through regions of void and 
trackless space, should arrive at the place where 
they were expected, not within a minute, but 
within a few seconds of a minute, of the time 
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prefixed and predicted: all this is wonderfiil, 
whether we refer our »imiration to the conatancy 
of the heavenly motions themselves^ or to th« 
perspicacity and precision with which they hav« 
been noticed by mankind. Nor is this the whole, 
nor indeed the chief part, of what astronomy 
teaches. By bringing reason to bear upon oI> 
servation (the acutest reasoning upon the esactest 
observation), the astronomer has been able, out 
of the ^'mystic dance," and the confusion (for 
such, it is) under which the motions of the hea* 
venly bodies present themselves to the eye of a 
mere gazer upon the skies, to elicit their order 
and their real paths. 

Our knowledge, therefore, of astronomy is ad- 
tnirable, though imperfect; and, amidst the con- 
fessed desiderata and desideranda, which impede 
our investigation of the wisdom of the Deity in 
these the grandest of his works, there are to be 
found, in the phenomena, ascertained circum- 
stances and laws, sufficient to indicate an intel- 
lectual agency in three of its principal operations, 
viz. in choosing, in determining, in regulating; 
in choostng, out of a boundless variety of suppo^ 
sitions which were equally possible, that which is 
beneficial ; in determining, what, left to itself, had 
a thousand chances against conveniency, for on^ 
in its favour ; in regulating subjects, as to quan- 
tity and d^ree, which, by their nature, were un- 
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limited with respect to either. It wiU be our 
business to offer^ under each of these heads^ a 
£ew instances, such as best admit of a popular 
iBxpUcation *. 




* This cut represents a telescopic view of the Suu, 
showing some of the remarkable spots which have 
occasionally appeared on its surface, the largest some- 
times exceeding the size of the whole Earth. Astro- 
nomers by closely observing the motion which these 
fepots have across the Sun's disc, and the perspective 
bhanges which they undergo in assuming a foreshortened, 
or oval form, as they approach his edge, previous to their 
disappearance, have greatly assisted the reasoning, which 
pfoves his form to be spherical, and that he has a vfp^ 
tation on his axis. 
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I. Amongst proofs of choice, one is, fixing the 
source of light and heat in the centre of the 
system. The sun is ignited and luminous I the 
planets, which move round him, are cold and dark. 
There seems to be no antecedent necessity for 
this order. The sun might have been an opaque 
mass ; some one, or two, or more, or any, or all, 
the planets, globes of fire. There is nothing in 
the nature of the heavenly bodies which requires 
that those which are stationary should be on fire, 
that those which move should be cold ; for, in fact, 
comets are bodies on fire, or at least capable of 
the most intense heat, yet revolve round a centre : 
nor does this order obtain between the primary 
planets and their secondaries, which are all opaque. 
When we consider, therefore, that the sun is one; 
that the planets going round it are, at least, seven ; 
that it is indifierent to their nature which are lu- 
minous and which are opaque : and also in what 
order, with respect to each other, these two kinds 
of bodies are disposed ; we may Judge of the im- 
probability of the present arrangement taking 
place by chance. 

If, by way of accounting for the state in which 
we find the solar system, it be alleged (and this 
is one amongst the guesses of those who reject 
an intelligent Creator), that the planets them- 
selves are only cooled or cooling masses, and 
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were once, like the sun, many thousand times 
hotter than red hot iron ; then it follows, that tho 
sun also himself must be in his progress towards 
growing cold; which puts an end to the possi- 
bility of his having existed, as he is, from eter- 
nity. This consequence arises out of the hypo-? 
thesis with still more certainty, if we make a part 
of it, what the philosophers who maintain it have 
usually taught, that the planets were originally 
masses of matter, struck off in a state of fusion, 
from the body of the sun, by the percussion of 
a comet, or by a shock from some other cause, 
with which wc are not acquainted: for, if those 
masses, partaking of the nature and substance of 
the sun's body, have .in process of time lost their 
heat, that body itself, in time likewise, no matter 
in how much longer time, must lose its heat also, 
and therefore be incapable of an eternal duration 
in the state in which we see it, either for the time 
to come, or the time past. 

The preference of the present to any other 
mode of distributing luminous and opaque bodies, 
I take to be evident. It requires more astro- 
nomy than I am able to lay before the reader 
to show, in its particulars, what would be the 
effect to the system, of a dark body at the centre 
and one of the planets being luminous : but I 
think it manifest, mthout either plates or calcu- 
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lation, first, that supposiiig the necessary pro- 
portion of magnitude between the central ami 
the revolving bodies to be preserved, the ignited 
planet would not be sufficient to illuminate and 
warm the rest of the s}rstem ; secondly, that its 
light and heat would be imparted to the othef 
planets much more irregularly than light and 
heat are now received from the sun *. 




• This ctit represents the four great planets, as seen 
through telescopes of considerable powers. Each planet ' 
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(*) 11. Ano^^r thing, in which a choice ap- 
pears to be exemsed, and in which, amongst the 
possibilities out of which the choice was to be 
made, the number of those which were wnmg 
bore an infinite proportion to the number of 
those which were right, is in what geome^dans 
call the axis of rotation. This matter I will en- 
deavour to explain. The earth, it is well known, 

is marked by the symbol which astronomers have for 
ages been accustomed to use. ^ is Saturn with his 
two rings; which are huge bodies, the larger haying 
a diameter more than 25 times tbat of our earth, or 
above 200,00Q miles, and moving with prodigious swift- 
ness round the planet The seven sateUites, or moons^ 
are not represented. 14. is Jupiter with his spots or 
belts ; his four moons are not represented. Both Saturn 
and Jupiter are, like our earth, flattened at the poles, 
instead of being perfect spheres, owing to their rotatory 
motion on their axes. ^ is Mars, with his singularly- 
formed spots, and reddish light at his poles. $ is two 
figures of Venus, as she is seen in different positions ; 
one like a half-moon, and in the other like a crescent. 
These appearances are called phases^ from the Greek, 
and she is the brightest of all the planets. The bulk 
of Jupiter is 1281 times greater than that of the Earth, 
of Saturn 996 times; while that of Venus is nine-tenths 
and that of Mars one-half the Earth's bulk. The bulk 
of the Sun itself is 1,361,000 times that of the earth. 
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is not an exact globe, but an oblate spheroid, 
something like' an orange. "Now the axes of ro- 
tatioti, or the diameters lipon which such a body 
may be made to turn round, are as many as can 
be drawn through its centre to opposite points 
upon ' its whole surface ; but of these axes nonb 
are permanent, except either its shbrtest diameter, 
t. €, that which passes through the heart of the 
orange from the place where the stalk is inserted 
into it, and which is but one; or its longest 
diameters, at right angles with the former, which 
must all terminate in the single circumference 
which goes round the thickest part of the orange. 
The shortest diameter is that upon which in fact 
the earth turns, and it is, as the reader sees, 
what it ought to be, a permanent axis ; whereas, 
had blind chance, had a casual impulse, had a 
stroke or push at random, set the earth a-spin- 
ning, the odds were infinite but that they had 
sent it round upon a wrong axis. And what 
would have been the consequence ? The differ- 
ence between a permanent axis and another 
axis is this : When a spheroid in a state of rota- 
tory motion gets upon a permanent axis, it keeps 
there ; it remains steady and faithful to its posi- 
tion : its poles preserve their direction with re- 
spect to the plane and to the centre of its orbit: 
but, whilst it turns upon an axis which is not 
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permanent (and the number of those we have 
seen infinitely exceeds the number of the other), 
it is always liable to shift and vacillate from one 
axis to another, with a corresponding change iii 
the inclination of its poles. Therefore, if a planet 
once set off revolving upon any other than its 
shortest, or one of its longest axes, the poles on 
its surface would keep perpetually changing, and 
it never would attain a permanent axis' of rota- 
tion. The effect of this unfixedness and instabi- 
lity would be, that the equatorial parts of the 
earth might become the polar,, or the polar the 
equatorial ; to the utter, destruction of plants and 
animals, which are not capable of interchanging 
their situations, but are respectively adapted to 
their own. As to ourselves, instead of rejoicing 
in our temperate zone, and annually preparing 
for the moderate vicissitude, or. rather the agree- 
able succession, of seasons, which we experience 
and expect, we might come to be locked up in 
the ice and darkness of the arctic circle, with 
bodies neither inured to its rigours, nor provided 
with shelter or defence against them. Nor would 
it be much better, if the trepidation of our pole, 
taking an opposite course, should place us under 
the heats of a vertical sun. But if it would fare 
so ill with the human inhabitant,^ who can live 
under greater varieties of latitude than any other 

VOL. II. c 
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animal; still more noxious would this translation 
of climate have proved to life in the rest of the 
creation; and^ most perhaps of all^ in plants. 
The habitable earth, and its beautiful vari^y, 
might have been destroyed by a simple mis- 
chance in the axis of rotation ^. 

^ (Note of Bishop Brinkley.) Either the earth was 
created a solid, an oblate spheroid, as it now exists, or it 
must have tal^en its present form while a soft or fluid 
mass. In the former case, the argument fox design 
arising from the body revolving on a permanent axis of 
rotation is of the strongest possible nature. But the 
present extended knowledge of geology has rendered it 
highly probable that the earth was originally an ignited 
Hiass in a state of fluidity, ignited to the very surface, 
and by its rotation in that state took its present form as 
the result of the mutual attraction of its parts and of its 
rotatory motion. This must be conceded if we do not 
admit the choice of a permanent axis of rotation. It is, 
therefore, in the progress through coimtless ages of the 
changes on the surface, from the chaotic or primary 
formation of the geologists to the most interesting state 
of the surface as it now exists, that we trace the endless 
arguments for design. However diffictilt at first sight 
to be explained, these changes will, when understood, 
show one uniform system, in which all things woric 
together for good. 

If we consider the state of the sur^skce before its cooling 
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(*) III. All this, however, proeeeds upon a 
supposition of the earth having been formed at 



in a great degree, it must have been wholly unfitted for 
animal and vegetable hfe. The admission of this state 
necessarily lets in the posterior and successive creation 
of vegetables and animals. From the vestiges which re- 
main we may conclude, with the highest degree of pro- 
bability, that for a very long period the surface was only 
adapted for vegetables and the lowest description of 
animal life; afterwards for animals of an amphibious 
natmre, and such as could exist only on the marshy shores 
of lakes, or in places occasionally covered with water. 
By degrees this state of the surface gave way to others 
more fitted for a further supply of animals to be created. 
The principal origin of these changes appears to have 
been provided in the powers attached to the substances, 
of whatever nature they may be, existing in the interior 
of the earth ; but these powers have been merely me- 
chanical, and could not originate organized vegetables 
and animals. The class of changes at the surface, .con- 
stituting the tertiary formations of the geologist, appear 
to have been that which was followed by the introduc- 
tion of a great variety of large animals, many of which 
are now extinct. The surface was still to be further 
improved by making it fitted for a wide extension of 
animals and of their food. This has been done by the 
means afforded for the extension and spreading of al- 
luvial matter, so admirably adapted for the growth of 
plants, and therefore for the existence of animal life. 

c2 
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first an oblate spheroid. There is another sup- 
position; and perhaps our limited information 
will not enable us to decide between them. The 
second supposition is, that the earth, being a 
mixed mass somewhat fluid, took, as it might do, 
its present form, by the joint action of the mutual 
gravitation of its parts and its rotatory motion. 
This, as we have said, is a point in the history of 
the earth, which our observations are not suffi- 

The changes of surface which have been alluded to are 
all parts of the same design. Between the successive 
changes great intervals appear to have elapsed. The 
imagination is able to form no conception of the length 
of time since the chaotic state began to change. Not- 
withstanding the time that must have existed between 
each change, one uniform plan can be discerned. The 
animals which we must admit to have been successiveiy 
created, show, by their organization, the same creator. 
Thus, if we admit the fluid and chaotic state of the 
earth (the alternative if we do not admit an original 
spheroidal formation) there cannot be a question as to 
the powerful arguments to be derived from the change 
on the surface and its series of organized beings. Indeed, 
if the matter be well considered, it will appear to many 
that the most conclusive arguments for design and con- 
tinued superintendence may be deduced from the re- 
searches of the modern geologists. — See Second Note to 
Chap XXV. infra. 
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cient to determine. I^or a very small depth 
below the surface (but extremely small — ^less, per- 
haps, than an eight thousandth part, compared 
with the depth of the centre), we find vestiges 
of ancient fluidity. But this fluidity must have 
gone down many hundred times farther than we 
can penetrate, to enable the earth to take its 
present oblate form ; and whether any traces of 
this kind exist to that depth we are ignorant. 
Calculations were made a few years ago of the 
mean density of the earth, by comparing the force 
of its attraction with the force of attraction of a 
rock of granite, the bulk of which could be ascer- 
tained: and the upshot of the calculation was, 
that the earth upon an average, through its 
whole sphere, has twice the density of granite, or 
above five times that of water. Therefore it can- 
not be a hollow shell, as some have formerly sup- 
posed; nor can its internal parts be occupied by 
central fire or by water. The solid parts must 
greatly exceed the fluid parts : and the proba- 
bility is, that it is a solid mass throughout, com- 
posed of substances more ponderous the deeper 
w^e go. Nevertheless, we may conceive the pre- 
sent face of the earth to have originated firom the 
revolution of a sphere covered by a surface of a 
compound mixture; the fluid and solid parts se- 
parating, as the surface becomes quiescent. Here 
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then comes in the moderating hand of the Creator. 
If the water had exceeded its present proportion^ 
even but by a trifling quantity^ compared with 
the whole globe> all the land would have been 
covered : had there been much less than there is 
there would not have been enough to fertilize the 
continent. Had the exsiccation been progressive, 
such as we may suppose to have been produced 
by an evaporating heat, how came it to stop at 
the point at which we see it ? Why did it not 
stop sooner ? why at all ? The mandate of the 
Deity will account for this ; nothing else wilL 

IV. Of centripetal forces. By virtue of the 
simplest law that can be imagined, viz. that a 
body continues in the state in which it is, whether 
of motion or rest; and, if in motion, goes on in 
the line in which it was proceeding, and with 
the same velocity, unless there be some cause for 
change : by virtue, I say, of this law, it comes to 
pass (what may appear to be a strange conse* 
quence), that cases arise, in which attraction, in- 
cessantly drawing a body towards a centre, never 
brings, nor ever will bring, the body to that 
centre, but keep it in eternal circulation round it. 
If it were possible to fire off a cannon-ball with a 
velocity of five miles in a second, and the resist- 
ance of the air could be taken away^ the cannon- 
ball would for ever wheel round the earth instead 
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c^ Mling down xrpon it. This is the principle 
whidi sustains the hemvenlj motions. The "Deitj 
having appointed this ixw to matter (than which» 
ms we have said before, no law could be more 
sim]^) has turned it to a wonderful account in 
constructing planetary systems. 

The actuating cause in these systems is an at- 
traction whidi varies reciprocally as the square of 
the distance ; that is, at double the distance, has 
a quarter of the force ; at half the distance, four 
times the strength ; and so on. Now concerning 
this law of vMriation, we have three things to 
observe ; first, that attraction, for any thing we 
know about it, was just as capable of one law of 
variation as of another; secondly, that, out of 
an infinite number <rf possible laws, those which 
were admissible for the purpose of supporting 
the heavenly motions lay within certain narrow 
limits : thirdly, that of the admissible laws, or 
those which come within the limits prescribed, 
the law that actually prevails is the most bene- 
ficial. So far as these propositions can be made 
out, we may be said, I think, to prove choice, and 
regulation : choice, out of boundless variety ; and 
regulation, of that which, by its own nature, was, 
in respect of the property regulated, indiflferent 
and indefinite. 

I. First, then, attraction, for anything we know 
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about it, was originally indifferent to all laws of 
variation depending upon change of distance^ t. e. 
just as susceptible of one law as of another. It 
flight have been the same at all distances ; it 
might have increased as the distance increased : 
or it might have diminished with the increase of 
the distance, yet in ten thousand different pro- 
portions from the present ; it might have followed 
no stated law at all. If attraction be what Cotes, 
with many other Newtonians, thought it to be, 
a primordial property of matter, not dependent 
upon, or traceable to, any other material cause ; 
then, by the very nature and definition of a pri- 
mordial property, it stood indifferent to all laws. 
If it be the agency of something immaterial ; then 
also, for anything we know of it, it was indifferent 
to all laws. If the revolution of bodies round a 
<^ntre depend upon vortices, neither are these 
limited to one law more than another.® 

' The notion of gravitation being a quality inherent 
in matter, and which could not be separated from its 
other qualities, has long been abandoned. To argue 
that it is necessarily inherent never could be consistent 
with the most ordinary perception of the meaning affixed 
to the terms necessary and contingent. All that could 
really be intended, therefore, is what we have just now 
stated in the first sentence of this note. But that, too, 
appears wholly groundless. The only appearance of a 
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There is, I know, an account given of at- 
traction, which should seem, in its very cause, to 
assign to it the law which we find it to observe ; 
and which, therefore, makes that law, a law, not 
of choice, but of necessity; and it is the account 
which ascribes attraction to an (manatian from 

reason was derived from the intensity of all streams of 
matter proceeding from a centre in every direction being 
weakened in proportion to their diffusion, and their dif- 
fusion being proportioned to the squares of the distance 
(by similar triangles and the property of the circle, 
and generally of similar figures). But suppose we over- 
look the purely hypothetical nature of the connexion 
between such emanations and gravitation, (sanctioned 
as the theory in a certain degree seems to be by no 
less an authority than Laplace^ Mec. Cel. liv. xv. c. 1,) 
and admit the hypothesis that matter, according to 
its present constitution in other respects, must have 
gravitation in the inverse duplicate ratio; though an 
important position may be thus gained or granted in 
Natural Philosophy, nothing whatever is e£fected in 
Natural Theology ; for the same power which endowed 
matter with those qualities from whence this peculiar kind 
of attractive force results, is only proved to have created 
that attractive force and bestowed it upon matter me- 
diately instead of immediately. This, in short, is only 
another instance of the argument formerly adverted to 
under the head of " Instinct," Chap, xviii., and which 
we there stated to be of general application, 

c3 
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the attracting body. It is probable^ that the in- 
fluence of such an emanation will be proportioned 
to the spissitude of the rays of which it is com- 
posed ; which spissitude, supposing the rays to 
issue in right lines on all sides from a point, will 
be reciprocally as the square of the distance. The 
mathematics of this solution we do not call in 
question : the question with us is, whether there 
be any sufficient reason for believing that attrac- 
tion is produced by an emanation. For my part, 
I am totally at a loss to comprehend how par- 
ticles streaming /rom a centre should draw a body 
towards it. The impulse, if impulse it be, is all 
the other way. Nor shall we find less difficulty 
in conceiving a conflux of particles, incessantly 
flowing to a centre, and carrying down aU bodies 
along with it, that centre also itself being in a 
state of rapid motion through absolute space; 
for, by what source is the stream fed, or what 
becomes of the accumulation? Add to which, 
that it seems to imply a contrariety of properties, 
to suppose an setherial fluid to act but not to 
resist; powerful enough to carry down bodies 
with great force towards a centre, yet, inconsist- 
ently with the nature of inert matter, powerless 
and perfectly yielding with respect to the motions 
which result from the projectile impulse. By cal- 
culations drawn from ancient notices of eclipses 
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of the moon, we can prore that, if soch a flnid 
exist at all^ its resiBtance has had no sensible 
effect upon the moon's motion for two thonsand 
five hundred years. The truth is, that, except 
this one circnnistance of the variation of the ai» 
tracting force at different distances agreeing with 
the variation of the spissitude, there is no reason 
whatever to support the hypothesis of an ema- 
nation ; and, as it seems to me, ahnost insaper* 
able reasons against it* 

("*") II. Onr second proposition is, that, whilst 
the possible laws of variation were infinite, the 
admissible laws, or the laws compatible with the 
preservation of the system, he within narrow 
limits. If the attracting force had varied ae- 
C(»rdiiig to any direct law of the distance, let it 
have been ifrfiat it would, great destruction and 
concision would have taken place. The direet 
simple proportion of the distance would, it is tru^ 
have produced an ellipse: but the perturbing 
fi>rces would have acted with so much advantage, 
as to be continually changing the dimensions of 

• See note 12 and note 14 to this chapter; where 
Bishop Brinkley delivers an opinion entitled, undoubt- 
edly, to the greatest respect, but which seems somewhat 
more decided than the facts as yet warrant, in favour 
of the ethenal fluid. 
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fbe ellipse, in a manner inconsistent with out 
terrestrial creation. For instance ; if the planet 
Saturn^ so large and so remote, had attracted the 
earth, both in proportion to the quantity of mat- 
ter contained in it, which it does ; and also in any 
proportion to its distance, t. e. if it had pulled the 
harder for being the farther off (instead of the 
reverse of it), it would have dragged out of its 
course the globe which we inhabit, and have per- 
plexed its motions, to a degree incompatible with 
our security, our enjoyments, and probably our 
existence. Of the inverse laws, if the centripetal 
force had changed as the cube of the distance, 
or in any higher proportion, that is (for I speak 
to the unlearned), if, at double the distance, the 
attractive force had been diminished to an eighth 
part, or to less than that, the consequence would 
have been, that the planets, if they once began to 
approach the sun, would have fallen into his body; 
if they once, though by ever so Uttle, increased 
their distance from the centre, would for ever have 
receded from it. The laws therefore of attraction, 
by which a system of revolving bodies could be 
upholden in their motions, he within narrow 
limits, compared with the possible laws. I much 
under-rate the restriction, when I say that, in a 
scale of a mile, they are confined to an inch. 
All direct ratios of the distance are excluded, on 
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account of danger from perturbing forces :^^ all 
reciprocal ratios^ except what lie beneath the cube 
of the distance, by the demonstrable consequence, 
that every the least change of distance would, 
under the operation of such laws, have been fatal 
to the repose and order of the system. We do 
not know, that is, we seldom reflect, how inte- 



*® It has been objected to this statement, and the one 
in p. 36, that such a result would not inevitably happen 
from planets in any number attracting each other with 
forces increasing in the direct ratio of their distances, 
as, indeed, Sir Isaac Newton has shown (Principia, lib. i., 
prop. 64) how they would revolve in equal times and in 
elliptical orbits, (see also the 10th and 58th proposi- 
tions.) In truth, all motion in elliptical orbits is con* 
nected with an increase of the force in the direct ratio 
of the radius vector, if the centre of the figure be the 
centre of forces, of which Bishop Brinkley must have 
been, of course, aware — (See p. 35.) But if the state- 
ment in the text be taken to include the action of other 
bodies and systems, on the supposition that the attrac- 
tion is universal, — which, it must be remembered, is 
involved in the very hypothesis of its increasing with the 
distance, — there seems no solid objection to this part, at 
least, of the observation ; for a rushing together of all 
the systems, the solar and those of the fixed stars, would 
be the consequence of the attraction increasing according 
to* any power of the distance, while those systems had 
no motion of projection. 
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rested we are in this matter. Small irregularities 
may be endured ; but, changes within these limits 
being allowed for> the permanency of our ellipse 
is a question of life and death to our whole sen- 
sitive world. 

(*) III. That the subsisting law ot attraction 
falls within the limits which utility requires, when 
these limits bear so small a proportion to the 
range of possibilities upon which chance might 
equally have cast it, is not, with any appearance 
of reason, to be accounted for, by any other caiise 
than a regulation proceeding from a designing 
mind. But our next proposition carries the matter 
somewhat farther. We say, in the third place, 
that, out of the diflFerent laws which lie within the 
limits of admissible laws, the best is made choice 
of; that there are advantages in this particular 
law which cannot be demonstrated to belong to 
any other law; and,, concerning some of which, it 
can be demonstrated that they do not belong to 
any other. 

(*) 1. Whilst this law prevails between each 
particle of matter, the united attraction of a sphere, 
composed of that matter, observes the same law. 
This property of the law is necessary, to render it 
applicable to a system composed of spheres, but 
it is a property which belongs to no other law of 
attraction that is admissible. The law of vari* 
ation of the united attraction is in no other case 



Digitized 



by Google 



KATURAL THEOLOQT. 3d 

ike same as the law of aitraetkm of each partide, 
<aie case excepted, and that is of the attraction 
Tarying directly as the distance; the inconve- 
niency of which law, in other respects, we have 
already noticed. 

We may follow this regulation somewhat farther, 
and still more strikingly perceive that it proceeded 
from a designing mind. A law both admissible 
and convenient was requisite. In what way is 
the law of the attracting globes obtained? Astro- 
nomical observations and terrestrial experiments 
show that the attraction of the globes of the 
system is made up of the attraction of their parts ; 
the attraction of each globe being compounded <^ 
the attractions of its parts. Now the admissible 
and convenient law which exists, could not be ob- 
tained in a system of bodies gravitating by the 
united gravitation of their parts, unless each pat* 
tide of matter were attracted by a force varying 
by one particular law, viz. varying inversely as the 
square of the distance ; for, if the action of the par- 
ticles be according to any other law whatever, the 
admissible and convenient law, which is adopted, 
could not be obtained. Here then are clearly 
shown regulation and design. A law both admis- 
sible jmd convenient was to be obtained; the mode 
chosen for obtaining that law was by making ench 
particle of matter act. After this choice was made. 
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then fiirther attention was to be given to each par^ 
tide of matter^ and one and one only particnlar 
law of action to be assigned to it. No other law 
would have answered the purpose intended. 

(*) 2. All systems must be liable to pertur-^ 
bations. And therefore^ to guard i^ainst these 
perturbations, or rather to guard against their 
running to destructive lengths, is perhaps the 
strongest evidence of care and foresight that can 
be given. Now, we are able to demonstrate of 
our law of attraction, what can be demonstrated 
of no other, and what qualifies the dangers which 
arise from cross but unavoidable influences ; that 
the action of the parts of our system upon one 
another, will not cause permanently increasing 
irregularities, but merely periodical or vibratory 
ones ; that is, they wiU come to a limit, and then 
go back again. Th's we can demonstrate only of 
a system, in which the following properties concur, 
vix. that the force shall be inversely as the square 
of the distance; the masses of the revolving bodies 
small, compared with that of the body at the 
centre; the orbits not much inclined to one 
another ; and their eccentricity Uttle. In such a 
system, the grand points are secure. The mean 
distances and periodic times, upon which depend 
our temperature, and the regularity of our year> 
are constant. The eccentricities, it is true, will 
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still vaiy; but so slowly^ and to so small an 
exti^t, as to produce no inconveniency from fluc- 
tuation of temperature and season. The same 
as to the obliquity of the planes of the orbits. 
For instance^ the inclinatidti of the ecliptic to 
the equator will never change above two degrees 
(out of ninety), and that will require many thou- 
sand years in performing." 




** This cut represents the oval A B, nearly circular, in 
which the Earth © moves round the Sun © in one of 
the foci — while the Moon, E, mov^s round the Earth in 
a similar curve, E F. These curves vary (as do the paths 
of all the planets and their satelhtes), becoming more 
and more bulged, till they bulge out by a certain quan- 
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It ha» been rightly also remarked, that, if the 
great planets, Jupiter and Saturn, had moved in 

tity, GD, 80 as to be AGB, and dien the curve thej 
describe flattens constantly, till it becomes ADB, but ' 
never more, in consequence of the four circumstances 
mentioned in the text. 

The celebrated proposition of Laplace, respecting the 
eccentricities of the planetary orbits, and their deviation 
from a nearly circular form, — that upon which the sta- 
bility of the system mainly rests, — maybe comprehended 
by this illustration. Suppose three vessels of different 
burthen sail from one port to another, and take such 
courses, that, multiplying the tonnage of each by the 
square of the deviation in miles which it makes from the 
straight line, or shortest distance, between the two ports, 
and adding the three products together, the sum is at 
every instant of the voyage the same, — say 90 — the 
vessels being of 10, 22j, and 90 tons burthen, respec- 
tively. It is clear that none of them can ever deviate 
beyond a certain distance from the straight course, for 
the greatest possihle deviation would be 3 miles — (the 
square-root of the quotient of 90 divided by the tonnage 
of the smallest vessel,) — and this supposes neither of 
the other two to deviate at all ; if they also had their 
deviations, that would make the snuillest vessel's de- 
viation so much the less. In like manner, the second 
vessel never could deviate more than 2, nor the largest 
more than 1. But these deviations would always be 
lessened in prc^rtion as the other vessels deviated. If 
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lower spheres^ their influences would have had 
much more effect as to disturbing the planetai; 

we suppose tbe three to start from three ports in % 
straight hne from each other, and one port to be 64, 
another 81 » and the third 100 miles from the port of 
destination, and make the condition to be, that the sums 
of each vessel's tonnage multiplied by the square of its 
deviation and the products by the sums 8, 9, and 10, 
respectively, (the square roots of the distances of the 
three ports of departure,) shall be always equal to the 
same number, e. g. 90, — the case will resemble more 
closely the one we are illustrating ; for the proposition 
of Laplace is, that the sum of the products of the square 
roots of the transv^se axes of the orbits, multiplied by 
the squares of the eccentricities and by the masses, is 
always the same {Mec. CSL liv, iL c. 7 and 8 ; especially 
8. 57. 61.)' 

The case which we have taken, however, is only by 
way of illustration, and does not resemble the one in 
question as to particulars. Moreover, in order that all 
the three vessels may be able to obey the rule during 
each part of their course, we must suppose one of them 
to start from a point on one side of the port, and the 
same vessel, or another of them, to make a port different 
from the port of destination. This difficulty would be 
removed by supposing the condition to be, that the sums 
of the products should never exceed a certain amount. 

In the case put it is clear that, practically speaking, 
no combination among the navigators could make the 
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motions, than they now have. While they revolve 
at so great distances from the rest, they act almost 

vessels perform their voyage according to the condition 
unless hy two of the vessels going in the straight line 
and the third in a line parallel to it. Nothing hut a 
principle acting equally on the crews of all the vessels, 
hke gravitation, or like instinct, could keep them to the 
terms of the rule if they were all to deviate and to vary 
in Uieir deviations. But that insects should, by some 
such instinct, be able to perform an operation of this 
kind seems quite possible. Each bee acts in the con-^ 
struction of its cell in this way ; for it keeps to the rule 
accurately, and it acts in perfect concert with others ; 
at least it acts so as to produce the effect of concert. 

The theorem to which we have here alluded, as well 
as those two similar theorems which make the mean 
motions and mean longitudes of the three first satellites 
of Jupiter, follow a certain fixed rule, the difference 
between thrice the motions and longitudes of the second, 
and the motions and longitudes of the first added to 
twice those of the third, being an invariable quantity ; 
(that is, in the case of the motions, and 180 degrees 
in the case of the longitudes,) are all deducible by strict 
mathematical reasoning, but from data which are not 
necessarily true ; for these theorems depend, among other 
things, upon the motions of revolution throughout the 
system being in the same direction. Laplace has ex* 
pressed an opinion, that the relation just mention^ed as 
to Jupiter's satellites was not the same when the motion 
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equally on the sun and on the inferior planets; 
which has nearly the same consequence as not 
acting at all upon either. 

If it be said, that the planets might have been 
sent round the sun in exact circles, in which case, 
no change of distance from the centre taking place, 
the law of variation of the attracting power would 
have never come in question, one law would have 
served as well as another; an answer to the scheme 
may be drawn from the consideration of these 
same perturbing forces. The system retaining 
in other respects its present constitution, though 
the planets had been at first sent round in exact 
drcular orbits, they could not have kept them : 

began, but was established by the mutual actions of 
these bodies, which he has shown were sufficient to 
establish the relation at first, as well as to maintain it 
afterwards. This may or it may not be ; that is, it may 
or it may not be true that those relations were esta- 
blished in the course of the system's action ; but no kind 
of argument arises from hence against the designing 
power, even if we admit the supposition of that great 
mathematician ; for then it would only follow that the 
same principle which was appointed to preserve had 
also been appointed to create the relation of stability. 
(See Mec. Cel. liv. ii. c. 8, s. 66 ; liv. viii. c. 6, s. 15, 
and c. 10, s. 29. See also Mrs. Somerville's truly pro- 
found and admirable work, Mechanism of the Heavens, 
b. iv. c. 1, s. 849, et seq.) 
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and if the law of attraction had not been what it 
hy or at least, if the prevailing law had trans- 
gressed the limits above assigned, every evagation 
would have been fatal : the planet once drawn, as 
drawn it necessarily must have been, out of its 
course, would have wandered in endless error.*" 



" (Note of Bishop Brinkley.) Many siqppose at- 
traction an emanation^ and the law of attraction (the 
inverse square of the distance) which exists, to be ac* 
tually necessary and deducible from equal quantities of 
the attractive force being spread over each spherical sur- 
face surrounding the attractive centre. If this were so, 
all attracting matter must act according to the same 
law. This is not the case in many instances that might 
be adduced. The attraction by which particles of matter 
adhere together is obviously not of this nature. Chemical 
action furnishes many exceptions to this law. It may, 
indeed, be said that a polarizing power may be joined to 
an attractive force acting as abovementioned. We know 
very imperfectly, or rather nothing, of the nature of this 
polarization; but we know it is not extended to the 
actions of the sun and planetary masses on each other. 
Why was it not extended to these ? The simple answer 
is, that it would not only have been useless, but it would 
have interfered with the purposes for which these bodies 
were designed. Thus these great bodies are moved by 
laws of the utmost simplicity, while their component 
parts act on each other by a combination of forces of 
various kinds ; which forces appear to act at small dis- 
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( * ) V. What we havB seen in the law of the 
centripetal fierce, viz. a choice guided by views of 
utility, and a choice of one law out of thousands 
whidi might equally hare taken place, we see no 
less in the figures of the planetary orbits. It waa 
not enough to fix the law of the centripetal force, 
though by the wisest choice ; for, even under that 
law, it was still competent to the planets to have 
moved in paths possessing so great a degree of 
eccentricity, as, in the course of every revolution, 
to be In-ought very near to the sun, and carried 
away to immense distances from him. The comets 
actually move in orbits of this sort : and, had the 
|danets done so, instead of going round in orbits 
nearly circular, the change from one extremity of 
temperature to another must, in ours at least, have 
destroyed every animal and plant upon its surface. 
Now the distance from the centre at which a planet 
sets off, and the absolute force of attraction at 
that distance, being fixed, the figure of its orbit, 
its being a drcle, or nearer to, or farther off from 
a circle, viz. a rounder or a longer oval, depends 
upon two things, the velocity with which, and the 

tanccB only, while the forces on which depend the wclfere 
and presenration of oar earth and the planets, act through 
a vast extent <^ space, and by one simple and imifonn 
law, in which there it no confiictmg interference of other 
actions. 
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direction in wliich, the planet is projected. And 
these, in order to produce a right result, must be 
both brought within certain narrow limits. One, 
and only one, velocity, united with one, and only 
one, direction, will produce a perfect circle. And 
the velocity must be near to this velocity, and 
the direction also near to this direction, to produce 
orbits, such as the planetary orbits are, nearly cir- 
cular; that is, ellipses with small eccentricities. 
The velocity and the direction must both be right. 
If the velocity be wrong, no direction will cure 
the error ; if the direction be in any considerable 
degree oblique, no velocity will produce the orbit 
required. Take, for example, the attraction of 
gravity at the surface of the earth. The force of 
that attraction being what it is, out of all the 
degrees of velocity, swift and slow, with which a 
ball might be shot off, none would answer the 
purpose of which we are speaking, but what was 
nearly that of five miles in a second. If it were 
less than that, the body would not get round at 
all, but would come to the ground; if it were in 
any considerable degree more than that, the body 
would take one of those eccentric courses, those 
long ellipses, of which we have noticed the incon- 
veniency. If the velocity reached the rate of seven 
'miles in a second, or went beyond that, the ball 
would fly off from the earth, and never be heard 
of more. In like manner with respect to the di- 
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redion ; out of the innumerable angles in which 
the ball might be sent off (I mean angles formed 
with a line drawn in the centre), none would serve 
but what was nearly a right one : out of the va- 
rious directions in which the cannon might be 
pointed, upwards and downwards, every one would 
fail, but what was exactly or nearly horizontal. 
The same thing holds true of the planets : of our 
own amongst the rest. We are entitled therefore 
to ask, and to urge the question. Why did the 
projectile velocity and projectile direction of the 
earth happen to be nearly those which would 
retain it in a circular form ? Why not one of the 
infinite number of velocities, one of the infinite 
number of directions, which would have made it 
approach much nearer to, or recede much farther 
from, the sun ? 

The planets going round, all in the same direc- 
tion, and all nearly in the same plane, afforded to 
Buffon a ground for asserting, that they had all 
been shivered from the sun by the same stroke of 
a comet, and by that stroke projected into their 
present orbits. Now, beside that this is to at- 
tribute to chance the fortunate concurrence of 
velocity and direction which we have been here 
noticing, the hypothesis, as I apprehend, is in- 
consistent with the physical laws by which the 
heavenly motions are governed. If the planets 

VOL. II. D 
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were struck oflF from the surface of the sun, they 
would return to the surface of the sun again. 
Nor will this difficulty be got rid of, by suppos- 
ing that the same violent blow which shattered 
the sun's surface, and separated large fragments 
from it, pushed the sun himself out of his place ; 
for, the consequence of this would be that the sun 
and system of shattered fragments would have a 
progressive motion, which, indeed, may possibly 
be the case with our system ; but then each frag- 
ment would, in every revolution, return to the 
surface of the sun again. The hjrpothesis is also 
contradicted by the vast diflference which subsists 
between the diameters of the planetary orbits. 
The distance of Saturn from the sun (to say no- 
thing of the Georgium Sidus) is nearly five-and- 
twenty times that of Mercury ; a disparity, which 
it seems impossible to reconcile with BuflFon's 
scheme. Bodies starting from the same place, 
with whatever diflference of direction or velocity 
they set oflF, could not have been found at these 
diflfierent distances from the centre, still retaining 
their nearly circular orbits. They must have been 
carried to their proper distances, before they were 
projected*. 

* *' If we suppose the matter of the system to be accumulated 
in the centre by its gravity, no mechanical principles, with the 
assistance of this power of gravity, could separate the vast mass 
into such parts as the sun and planets ; and, after carrying them 
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To conclude : In astronom j, the great thing is 
to raise the imagination to the subject, and that 
oftentimes in opposition to the impression made 
upon the senses. An illusion^ for example, must 
be gotten over arising from the distance at which 
we view the heavenly bodies, viz. the apparent 
sloumess of their motions.*' The moon shall take 




" This cut represents the comet of 1811, the fixed 
stars being seen through its tail, which extended 

to their different distances, project them in their several directiotis, 
preserving still the quality of action and re-action, or the state of 
the centre of gravity of the system. Such an exquisite structure > 
of things could only arise from the contrivance and powerful in* 
fluences of an intelligent, free, and most potent agent. The same 
powers, therefore, which, at present, govern the material universe, 
and conduct its various motions, are very different from those 
which were necessary to have produced it from nothing, or to have 
disposed it iu the admirahle form in which it now proceeds.'' — 
MacleatrirCa Account of Newton's Phihsophy, p. 407. ed. 3. 

d2 
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some hours in getting half a yard from a star 
which it touched. A motion so deliberate we may 

123,000,000 of miles. The period of its revolution is 
calculated at above 3,300 years. The great comet of 
1680 was calculated by Sir Isaac Newton to have a tail 
of 80,000,000 of miles, immediately after its perihelion, 
a periodic time of 515 years, and a velocity, when 
nearest the sun, of 880,000 miles in an hour. Its orbit 
is so much elongated that its greatest distance from the 
sun is estimated at near 8,000 millions of miles, and its 
least at only 150,000 miles. Halley's comet, which 
appeared in 1682, 1159, and 1835, — probably also in 
1531 and 1607, — has a mean distance from the sun of 
1,705 millions of miles, the earth's mean distance being 
96,000,000; but while the earth's orbit is so nearly 
circular that the planet's greatest distance is only a 
thirtieth part more than its smallest, this comet's aphe- 
lion (or greatest) distance is above 3,355 millions, and 
its perihelion (or least) distance only 55 millions, or sixty- 
one times less. So the transverse (or longer) axis of its 
orbit is four times the length of the conjugate (or shorter) 
axis ; whereas the two axes of the earth's orbit differ 
by only a 7000th part from one another. Most of the 
planetary orbits are nearly circular also, — that of Pallas 
being the most elongated, and in the proportion of only 
5 to 3. But the orbits of the comets have every variety 
of shape as well as size, and their motion the greatest 
difference in velocity ; yet they appear all to follow the 
same general laws, — and these the same by which the 
planetary motions are governed. 
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think easily guided. But what is the fact ? The 
moon, in fact, is, all this while, driving through the 
heavens at the rate of considerably more than two 
thousand miles in an hour; which is more than 
double of that with which a ball is shot off from 
the mouth of a cannon. Yet is this prodigious 
rapidity as much under government, as if the 
planet proceeded ever so slowly, or were con- 
ducted in its course inch by inch. It is also dif- 
ficult to bring the imagination to conceive (what 
yet, to judge tolerably of the matter, it is neces- 
sary to conceive) how loose, if we may so express 
it, the heavenly bodies are. Enormous globes, 
held by nothing, confined by nothing, are turned 
into free and boundless space, each to seek its 
course by the virtue of an invisible principle ; but 
a principle, one, common, and the same in all, 
and ascertainable. To preserve such bodies from 
being lost, from running together in heaps, from 
hindering and distracting one another's motions, 
in a degree inconsistent with any continuing 
order; A. e. to cause them to form planetary 
systems, systems that, when formed, can be up- 
held, and, most especially, systems accommodated 
to the organised and sensitive natures, which the 
planets sustain, as we know to be the case, where 
alone we can know what the case is, upon our 
earth: all this requires an intelligent interposi- 
tion, because it can be demonstrated concerning 
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it, that it requires an adjustment of force, dis- 
tance, direction, and velocity, out of the reach of 
chance to have produced ; an adjustment, in its 
view to utility, similar to that which we see in ten 
thousand subjects of nature which are nearer to 
us, but in power, and in the extent of space 
through which that power is exerted, stupen- 
dous." 



" (Note of Bishop Brinkley. See Note 9.) Since 
the publication of Dr. Paley's * Natural Theology' it 
has been ascertained that a resisting medium is actually 
diffused through our system. But it is of so rare a 
nature, that the planets will not be afifected by it for 
an immense period. The existence of this resisting 
medium has been ascertained by the successive revolu- 
tions of the small comet, the orbit of which was first ac- 
curately computed by M. Encke, and its identity verified 
on several successive returns. We had befwe a know- 
ledge of the weak action of comets on the planets, and 
of the consequent smallness of their masses. It was 
also inferred that they were bodies of small density, and 
consequently would be more sensibly affected in their 
motions through a resisting medium. This comet was 
found in 1795 by Miss Herschel, and observed also by 
her brother. His account of it, when considered with 
reference to what has since been ascertained as to the 
resistance it meets with in its course, is remarkable (vide 
Phil. Trans. 1796, p. 133) :— " The comet is now centri- 
cally on a small star. It is a small telescopic star of 
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But many of the heavenly bodies^ a» the sun 
and fixed stars> are stationcnry. Their re»t must 

^ibout the eleventh or twelfth magnitude, and is double^ 
very unequal; with a power of 281 I can see the smallest 
of the two stars perfectly well. This shows how little 
density there is in the comet, which is evidently nothing 
"but what may he called a collection of vapours." This 
comet is also remarkable for the shortness of its period, 
about three and a half years, not receding so far from 
the sun as the planet Jupiter. In the solar system the 
difference between the two classes of bodies which re- 
volve round the sun, and are retained in their orbits by 
the solar action, is most marked and distinct. Comets 
so numerous serve for purposes entirely unknown to us. 
Indeed, hitherto no probable conjecture has been formed 
as to those purposes. That they are not the habitations 
of beings similar to those which exist on the earth is 
nearly certain. The earth and planets appear wisely 
adapted, in a variety of ways, for the convenience and 
preservation of animals and vegetables. The comets are 
hot so adapted. In one case orbits nearly circular were 
required, in the other they were not required. 

There is another circumstance in which design appears 
strongly marked, although we cannot explain the purport 
of it. The planets appear to be placed at distances from 
the sun, according to a certain law. This was remarked 
by Professor Bode, and that the law was not complete 
unless a planet existed between Mars and Jupiter. The 
new planets were afterwards discovered, each of them 
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be the effect of an absence or of an equilibrium of 
attractions. It proves also/ that a projectile im- 
pulse was originally given to some of the heavenly 

circulating between Jupiter and Mars, at a distance from 
the sun, conformable to the conjectured law *. The cause 
of more than one planet being found at this distance has, 
with some degree of probability, been derived from the 
hypothesis, that a large planet has been shattered into 
fragments, which fragments are the planets Ceres, Vesta, 
Pallas, and Juno. That wonderful changes occasionally 
offer themselves to our notice, as wonderful as the de- 
struction of a planet, is exemplified in the appearance 
and disappearance of a fixed star. A star suddenly ap- 
peared in 1571 of a degree of splendour exceeding all 
the other fixed stars. It was seen during sixteen months, 
and continually diminished in brightness till it disap- 
peared. All the circumstances of it are well attested by 
many astronomers, and others. It remained fixed in 
one spot of the heavens without changing its place 
among the other stars by any perceptible quantity. 
Although astronomical instruments at that time did not 
admit of a degree of precision to be compared with those 
of the present time, yet the observations made on it by 
several astronomers fully suflSce to show that its distance 
from us must have been at least between 3000 and 4000 
times that of the sun from the earth, or 300,000 milUons 
of miles. 

* See first note to Chap. xxv. wt/ra. 
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bodies^ and not to others. But further : if attrac- 
tion act at all distances^ there can only be one 
quiescent centre of gravity in the universe ; and 
all bodies whatever must be approaching this 
centre or revolving round it. According to the 
first of these suppositions, if the duration of the 
world had been long enough to allow of it^ all its 
partS:, all the great bodies of which it is composed^ 
must have been gathered together in a heap round 
this point. No changes however which have been 
observed, aflFord us the smallest reason for believ- 
ing, that eitlier the one supposition or the other 
is true: and then it will follow, that attraction 
itself is controlled or suspended by a superior 
agent; that there is a power above the highest of 
the powers of material nature ; a will which re- 
strsuns and circumscribes the operations of the 
most extensive*. 

♦ It must here, however, be stated, that many astronomers deny 
that any of the heavenly bodies are absolutely stationaiy. Somo 
of the biightest of the fixed stars have certainly small motions; 
and of the rest the distance is too great, and the intervals of our 
observation too short, to enable i^s to pronounce with certainty 
that they may not have the same. The motions in the fixed stars 
which have been observed, are considered either as proper to each 
of them, or as compounded of the motion of our system, and of 
motions proper to each star. By a comparison of these motiouy, a 
motion in our system is supposed to be discovered. By oontiuuiit|^ 
this analogy to other, and to all systems, it is possible to suppose 
that attraction is unlimited, and that the whole material uuiverse 
is revolving round some fixed point within its containing sphere or 
space. — Note of the Juthor* 

d3 
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CHAPTER XXm. 

OF THE PERSONALITY OF THE DEITY. 

CoNTRiVANCK> if established, appears to me to 
prove every thing which we wish to prove. 
Amongst other things^ it proves the personality 
of the Deity, as distinguished from what is some- 
times called nature, sometimes called a principle : 
which terms, in the mouths of those who use them 
philosophically, seem to be intended, to admit and 
to express an efficacy, but to exclude and to deny 
a personal agent. Now that which can contrive, 
which can design, must be a person. Tliese capa- 
cities constitute personality, for they imply con- 
sciousness and thought. They require that which 
can perceive an end or purpose ; as well as the 
power of providing means, and directing them to 
their end*. They require a centre in which per- 
ceptions unite, and from which volitions flow ; 
which is mind. The acts of a mind prove the ex- 
istence of a mind; and in whatever a mind resides, 
is a person. The seat of intellect is a person. 
We have no authority to limit the properties of 

* Priestley's Letters to a Philosophical Unbeliever, p. \S3, ed. 2. 
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mind to any partkiilar corporeal form^ or to any 
particular circumscription of space. These pro- 
perties subdst^ in created nature, under a great 
variety of sensiUe forms. Also every aniinated 
being has its sensorium ; that is> a certain portion 
of space, within which perception and volition 
are exerted. This sphere may be enlarged to an 
indefinite extent ; tnay comprehend the universe ; 
and, being so imagined, may serve to furnish us 
with as good a notion, as we sure capable of form- 
ing, of the immensity of the Divine Nature, i. e. of 
a divine Being, infinite, as well in essence as in 
power ; yet nevertheless a perscm. 

" No man hath seen God at any time." And 
this, I believe, makes the great diflSculty. Now 
it is a difficulty which chiefly arises from our not 
tluly estimating the state of our faculties. The 
Deity, it is true, is the object of none of our 
senses : but reflect what limiti^ capacities animal 
senses are. Many animals seem to have but one 
sense, or perhaps two at the most; touch and 
taste. Ought such an animal to conclude against 
the existence of odours, sounds, and colours ? To 
another species is given the sense of smelling. 
This is an advance in the knowledge of the powers 
and properties of nature : but, if this favoured 
animal should infer from its superiority over the 
class last described, that it perceived everything 
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which was perceptible in nature, it is known to 
us, though perhaps not suspected by the animal 
itself, that it proceeded upon a false and pre* 
sumptuous estimate of its faculties. To another is 
added the sense of hearing ; which lets in a class 
of sensations entirely unconceived by the animal 
before spoken of; not only distiiict, but remote 
from any which it had ever experienced, and 
greatly superior to them. Yet this last animal 
has no more ground for believing that its senses 
comprehend all things, and all properties of things, 
which exist, than might have been claimed by 
the tribes of animals beneath it; for we know 
that it is still possible to possess another sense, 
that of sight, which shall disclose to the percipient 
a new world. This fifth sense makes the animal 
what the human animal is : but to infer that pos* 
sibility stops here; that either this fifth sense 
is the last sense, or that the five comprehend all 
existence, — is just as unwarrantable a conclusion 
as that which might have been made by any of 
the difierent species which possessed fewer, or 
even by that, if such there be, which possessed 
only one. The conclusion of the one-sense ani- 
mal, and the conclusion of the five-sense animal, 
stand upon the same authority. There may be 
more and other senses than those which we have. 
Tliere may be senses suited to the perception of 
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the powers^ properties^ and substance^ of spirits. 
Tkese may bdong to higher orders of rational 
agents ; for there is not the smallest reason for 
supposing that we are the highest, or that the 
scale of creation stops with us. 

The great energies of nature are known to us 
only by their effects. The substances which pro- 
duce them are as much concealed from our senses 
as the Divine essence itself. GravUatUm, though 
constantly present, though constantly exerting its 
influence, though everywhere around us, near us, 
and within us ; though diffused throughout all 
space, and penetrating the texture of all bodies 
with which we are acquainted, depends, if upon a 
fluid, upon a fluid which, though both powerful 
and universal in its operation, is no object of 
sense to us ; if upon any other kind of substance 
or action, upon a substance and action from 
which we receive no distinguishable impressions. 
Is it then to be wondered at that it should, in 
some measure, be the same with the Divine 
nature ? 

Of this, however, we are certain, that whatever 
the Deity be, neither the univertej nor any part 
of it which we see, can be He. The universe 
itself is merely a collective name : its parts are 
all which are real; or which are thmgB. Now 
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inert matter is out of the question ; and orga- 
nised substances include marks of contriyaiice. 
But whatever inchides marks of contrivance, what* 
ever, in its constitution, testifies design, neces- 
sarily carries us to something beyond itself, to 
some other being, to a designer prior to, and out 
of itself. No animal, for instance, can have con- 
trived its own limbs and senses : can have been 
the author to itself of the design with which they 
were constructed. That supposition involves all 
the absurdity of self-creation, i. e, of acting with- 
out existing. Nothing can be God, which is 
ordered by a wisdom and a will, whidi itself w 
▼(rid of; which is indebted for any of its pro- 
perties to contrivance ah extra. The not hav- 
ing that in his nature which requires the exertion 
of another prior being (which property is some- 
times caUed self-sufliciency, and sometimes self- 
comprehension) appertains to the Deity, as his 
. essential distinction, and removes his nature from 
that of all things which we see. Which consi- 
deration contains the answer to a question that 
has sometimes been asked, namely. Why, since 
something or other must have existed from eter- 
nity, may not the present universe be that some- 
thing? The contrivance perceived in it proves 
that to be impossibla Nothing contrived can. 
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in a strict and proper sense, be eternal^ foras- 
nmch as tbe contriver must have existed before 
the ccmtrivance. 

Wherever we see marks of contrivance, we are 
led for its cause to an mtelligmt auth(»r. And 
this transition of the understanding is founded 
upon unifcnrm experience. We see inteUigence 
constiuitly contriving ; that is, we see inteUigence 
constantly producing effects, marked and dig- 
tinguished by certain properties ; not certain par* 
ticular properties, but by a kind and class of 
properties, such as relation to an end, relation of 
parts to one another, and to a common purpose. 
We see, wherever we are witnesses to the actual 
formation of things, nothing except intelligence 
producing effects so marked and distinguished. 
Furnished with this experience, we view the pro- 
ductions of nature. We observe them also marked 
and distinguished in the same manner. We wish 
to account for their origin. Our experience sug- 
gests a cause perfectly adequate to this account. 
No experience, no single instance or example, 
can be offered in favour of any other. In this 
cause, therefore, we ought to rest ; in this cause 
the common sense of mankind has, in fact, rested, 
because it agrees with that, which, in all cases, is 
the foundation of knowledge, — the undeviating 
course of their experience. The reasoning is the 
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same as that> by which wc conclude any ancient 
appearances to have been the effects of volcanoes 
or inundations; namely, because they resemble 
the effects which fire and water produce before 
our eyes; and because we have never known 
these effects to result from any other operation. 
And this resemblance may subsist in so many 
circumstances, as not to leave us under the 
smallest doubt in forming our opinion. Men are 
not deceived by this reasoning : for whenever it 
happens, as it sometimes does happen, that the 
truth comes to be known by direct information, it 
turns out to be what was expected. In like man- 
ner, and upon the same foundation, (which in 
truth is that of experience,) we conclude that the 
works of nature proceed from intelligence and 
design ; because, in the properties of relation to 
a purpose, subserviency to a use, they resemble 
what intelligence and design arc constantly pro- 
ducing, and what notliing except intelligence and 
design ever produce at all. Of every argument, 
which would raise a question as to the safety of 
this reasoning, it may be observed, that if such 
argument be listened to, it leads to the inference, 
not only that the present order of nature is in- 
sufficient to prove the existence of an intelligent 
Creator, but that no imaginable order would be 
sufficient to prove it ; that no contrivance, were it 
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ever so mechanical^ ever so precise, ever so clear^ 
ever so perfectly like those which we ourselves 
employ, would support this conclusion — a doc- 
trine, to which I conceive no sound mind can 
assent. 

The force, however, of the reasoning is some- 
times sunk by our taking up with mere names. 
We have already noticed,* and we must here 
notice again, the misapplication of the term "law," 
and the mistake concerning the idea which that 
term expresses in physics, whenever such idea 
is made to take the place of power, and still more 
of an inteUigent power, and, as such, to be as- 
signed for the cause of any thing, or of any pro- 
perty of anything, that exists. This is what wc 
are secretly apt to do, when we speak of orga- 
nised bodies (plants for instance, or animals) 
owing their production, their form, their growth, 
their qualities, their beauty, their use, to any law 
or laws of nature ; and when we are contented to 
sit down with that answer to our inquiries con- 
cerning them. I say once more, that it is a per- 
version of language to assign any law, as the 
efficient, operative cause of any thing. A law 
pre-supposes an agent, for it is only the mode 
according to which an agent proceeds; it implies 
a power, for it is the order according to which 

* Ch. I. sect. vii. 
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that power acts. Without this agent, without 
this power, which are both distinct from itself, the 
''law '* does nothing ; is nothing. 

What has been said concerning **law," holds 
true of mechanism. Mechanism is not itself power. 
Mechanism, without power, can do nothing. Let 
a watch be contrived and constructed ever so 
ingeniously ; be its parts ever so many, ever so 
complicated, ever so finely wrought or artificially 
put together, it cannot go without a weight of 
spring, i. e. without a force independent of, and 
ulterior to, its mechanism. The spring acting 
at the centre, will produce different motions and 
different results, according to the variety of the 
intermediate mechanism. One and the self-same 
spring, acting in one and the same manner, mz. 
by simply expanding itself, may be the cause of 
a hundred different and all useful movements, if 
a hundred different and well-devised sets of wheels 
be placed between it and the final effect : e, g, 
may point out the hour of the day, the day of the 
month, the age of the moon, the position of the 
planets, the cycle of the years, and many other 
serviceable notices; and these movements may 
•fulfil their purposes with more or less perfection, 
according as the mechanism is better or worse 
contrived, or better or worse executed, or in a 
better or worse state of repair : hut in all cases it 
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is necessary that the spring act at the centre. The 
course of our reasoning upon such a subject 
would be this: By inspecting the watch, even 
when standing still, we get a proof of contrivance, 
and of a contriving mind, having been employed 
about it. In- the form and obvious relation of its 
parts, we see enough to convince us of this. If 
we pull the works in pieces, for the purpose of a 
closer examination, we are still more fully con- 
vinced. But, when we see the watch going, we 
see proof of another point, viz. that there is a 
power somewhere, and somehow or other applied 
to it ; a power in action ;— that there is more in 
the subject than the mere wheels of the machine ; 
— ^that th«:e is a secret spring, or a gravitating 
plummet; — in a word, that there is force, and 
energy, as well as mechanism. 

So, then, the watch in motion estaUishes to the 
observer two conclusions: One, — that thought, 
contrivance, and design, have been employed in 
the forming, proportioning, and arranging of its 
parts ; and that whoever or wherever he be, or 
were, such a contriver there is, or was: TTie 
other, — that force or power, distinct from me- 
chanism, is, at this present time, acting upon it. 
If I saw a hand-mill even at rest, I should see 
contrivance : but if I saw it grinding, I should 
be assured that a hand was at the windlass. 
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though in another room. It is the same in na- 
ture. In the works of nature we trace me- 
chanism ; and this alone proves contrivance ; but 
living, active, moving, productive nature, proves 
also the exertion of a power at the centre : for, 
wherever the power resides may be denominated 
the centre. 

The intervention and disposition of what are 
called ''second causes'* fall under the same obser- 
vation. This disposition is or is not mechanism, 
according as we can or cannot trace it by our 
senses and means of examination. That is all the 
difference there is; and it is a difference which 
respects our faculties, not the things themselves. 
Now where the order of second causes is mecha- 
nical, what is here said of mechanism strictly 
applies to it. But it would be always mechanism 
(natural chemistry, for instance would be mecha- 
nism), if our senses were acute enough to descry 
it. Neither mechanism, therefore, in the works of 
nature, nor the intervention of what are called 
second causes (for I think that they are the same 
thing), excuses the necessity of an agent distinct 
from both. 

If, in tracing these causes, it be said that we 

find certain general properties of matter which 

. have nothing in them that bespeaks intelligence, 

I answer, that still the managing of these proper- 
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ties, the pointing and directing them to the uses 
which we see made of them, demands intelligence 
in the highest degree. For example : suppose 
animal secretions to be elective attractions, and 
that such and such attractions universally belong 
to such and such substances — in all which there is 
no intellect concerned ; still the choice and collo- 
cation of these substances, the fixing upon right 
substances, and disposing them in right places, 
must be an act of intelligence. What mischief 
would follow were there a single transposition of 
the secretory organs ; a single mistake in arrang- 
ing the glands which compose them ! 

There may be many second causes, and many 
courses of second causes, one behind another, 
between what we observe of nature, and the Deity : 
but there must be intelligence somewhere : there 
must be more in nature than what we see ; and, 
amongst the things unseen, there must be an in- 
telligent, designing author. The philosopher be- 
holds with astonishment the production of things 
around him. Unconscious particles of matter take 
their stations, and severally range themselves in 
an order, so as to become collectively plants or 
animals, t. e.. organised bodies, with parts bearing 
strict and evident relation to one another, and to 
the utility of the whole : and it should seem that 
these particles could not move in any other way 
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than as they do; for they testify not the smallest 
sign of choice, or liberty, or discretion. There 
may be particular intelligent beings, guiding these 
motions in each case : or they may be the result 
of trains of mechanical dispositions, fixed before- 
hand by an intelligent appointment, and kept in 
action by a power at the centre. But, in either 
case, there must be intelligence. 

The minds of most men are fond of what they 
call a principle, and of the appearance of simpli- 
city, in accounting for phaenomena. Yet this prin- 
ciple, this simplicity, resides merely in the name; 
which name, after all, comprises, perhaps, under it 
a diversified, multifarious, or progressive operation, 
distinguishaole into parts. The power in orga- 
nised bodies, of producing bodies like themselves, 
is one of these principles. Give a philosopher 
this, and he can get on. But he does not reflect 
what this mode of production, this principle (if 
such he choose to call it) requires ; how much it 
presupposes ; what an apparatus of instruments, 
some of which are st];^ctly mechanical, is necessary 
to its success ; what a train it includes of opera- 
tions and changes, one succeeding another, one 
related to another, one ministering to another; 
all advancing, by intermediate, and, frequently, 
by sensible steps, to their ultimate result ! Yet, 
because the whole of this complicated action is 
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wrapped up in a single term, generation^ we are to 
set it down as an elementary principle; and to 
suppose, that when we have resolved the things 
which we see into this principle, we have suflS^- 
ciently accounted for their origin, without the ne- 
cessity o£ a designing, intelligent Creator. The 
truth is, generation is not a principle but a 
process. We might as well call the casting of 
metals a principle ; we might, so far as appears 
to me, as well call spinning and weaving prin- 
ciples : and then, referring the texture of cloths, 
the fabric of muslins and calicoes, the patterns of 
diapers and damasks, to these, as principles, pre- 
tend to dispense with intention, thought, and 
contrivance, on the part of the artist ; or to dis- 
pense, indeed, with the necessity of any artist at 
all, either in the manufacturing of the article, or 
in the fabrication of the machinery by which the 
manufacture was carried oh. 

And, after all, how, or in what sense is it true, 
that animals produce their like? A butterfly, 
with a proboscis instead of a mouth, with four 
wings and six legs, produces a hairy caterpillar, 
with jaws and teeth, and fourteen feet. A frog 
produces a tadpole. A black beetle, with gauze 
wings, and a crusty covering, produces a white, 
smooth, soft worm ; an ephemeron fly, a cod-bait 
maggot. These, by a progress through different 
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stages of life, and action, and enjoyment (and, in 
each state, provided with implements and organs 
appropriated to the temporary nature which they 
bear), arrive at last at the form and fashion of 
the parent animal. But all this is process, not 
principle; and proves, moreover, that the pro- 
perty of animated bodies, of producing their hke, 
belongs to them, not as a primordial property, 
not by any blind necessity in the nature of things, 
but as the effect of oeconomy, wisdom, and de- 
sign; because the property itself assumes di- 
versities, and submits to deviations dictated by 
intelligible utilities, and serving distinct purposes 
of ginimal happiness. 

The opinion, which would consider '^ genera- 
tion " as a prindiple in nature ; and which would 
assign this principle as the cause, or endeavour 
to satisfy our minds with such a cause, of the 
existence ofcorganised bodies; is confuted, in my 
judgment, not only by every mark of contrivance 
discoverable in those bodies, for which it gives 
us no contriver, offers no account whatever ; but 
also by the further consideration, that things ge- 
nerated possess a clear relation to things not 
generated. If it were merely one part of a ge- 
nerated body bearing a relation to another part 
of the same body ; as the mouth of an animal to 
the throat, the throat to the stomach, the stomach 
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to the intestines^ those to the recruiting of the 
blood, and, by means of the blood, to the nourish* 
ment of the whole frame : or if it were only one 
generated body bearing a relation to another ge- 
neratcd body ; . as the sexes of the same species 
to each other, animals of prey to their prey, heis 
bivorous and granivorous animals to the plants 
or seeds upon which they feed ; it might be con- 
tended, that the whole of this correspondency 
was attributable to generation, the common origin 
from which these substances proceeded. But 
what shall we say to agreements which exist 
between things generated and things not gene- 
rated ? Can it be doubted, was it ever doubted^ 
but that the lung» of animals bear a relation to 
the air, as a permanently elastic fluid ? . They act 
in it and by it ; they cannot act without it. Now, 
if generation produced the animal, it did not pro- 
duce the air; yet their properties correspond. 
The eye is made for light, and light for the eye. 
The eye would be of no use without light, and 
light perhaps of little without eyes ; yet one is 
produced by generation, the other not. The ear 
depends upon undulations of air. Here are two 
sets of motions; first, of the pvdses of the air; 
secondly, of the drum, bones, and nerves of the 
ear ; sets of motions bearing an evident reference 
to each other : yet the one, and the apparatus for 
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the one, produced by the mtervention of genera- 
tion ; the other altogether independent of it. 

If it be said, that the air, the light, ftie ele- 
ments, the world itself, is generated; I answer, 
that I do not comprehend the proposition. If the 
term mean any thing similar to^ what it means 
when applied to plants or animals, the proposition 
is certainly without proof: and, I think, draws ife 
near to absurdity as any proposition can do, which 
does not include a contradiction in its terms. I 
am at a loss to conceive how the formation of the 
world can be compared to the generation of ah 
animal. If the term generation signify something 
quite different from what it signifies on ordinal^ 
occasions, it may, by the same latitude, signify any 
thing. In which ease, a word or phrase taketi 
from the language of Otaheite would convey as 
much theoiy concerning the origin of the universe, 
as it does to talk of its being generated. 

We know a cause (intelligence) adequate to the 
appearances whidi we wish to account for: we 
have this cause continually producing similar ap- 
pearances : yet rejecting this cause, the sufficiency 
of which we know, and the action of whidi is con- 
stantly before omr ^es, we are invited to resort to 
suppositions destitute of a single fact for thehr 
support, and confirmed by no analogy with which 
we are acquainted. Were it necessary to inquire 
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into the motwes of men's opinions, I mean their 
motives separate from their arguments ; I should 
^^ost suspect, that, because the proof of a Deit^ 
drawn from the constitution of nature' is not only 
popular but vulgar (which may arise from the co^ 
gency of the proof, and be indeed its highest re- 
commendation), and because it is a species almost 
of puerility to take up with it ; for these reasons, 
minds, which are habitually in search of invention 
and originality, feel a resistless inclination to 
strike off into other solutions and other expo- 
sitions. The truth is, that many minds are not so 
indisposed to any thing which can be offered tb 
them, as they are to the flatness of being content 
with common reasons: and, what is most to be 
lamented, minds conscious of superiority are thte 
most liable to this repugnancy. 

The ^' suppositions '* here alluded to all agree 
in one character : they all endeavour to dispense 
with the necessity in nature of a particular, per- 
sonal intelligence ; that is to say, with the exertion 
of an intending, contriving mind, in the structure 
and formation of the organised constitutions which 
the world contains. They would resolve all pro- 
ductions into unconscious energies, of a like kind, 
in that respect, with attraction, magnetism, elec- 
tricity, &c. ; without any thing ftirther. 

In this, the old system of atheism and the new 

£2 
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agpree. And I much doubt whether the new 
schemes have advanced any thing upon the old^ 
or done more than changed the terms of the no« 
menclature. For instance, I could never see the 
difference between the antiquated system of atoms, 
and Buffon*s organic molecules. Hiis philoso* 
pher, having made a planet by knocking off from 
the sun a piece of melted glass, in consequence of 
the stroke of a comet ; and having set it in motion, 
by the same stroke, both round its own axis and 
the sun; finds his next difficulty to be, how to 
bring plants and animals upon it. In order to 
solve this difficulty, we are to suppose the universe 
replenished with particles, endowed with life, but 
without organisation or senses of their own ; and 
endowed also with a tendency to marshal them- 
selves into organised forms. The concourse of 
these particles, by virtue of this tendency, but 
without intelligence, will, or direction, (for I do 
not find that any of these qualities are ascribed to 
them,) has produced the living forms which we 
now see. 

Very few of the conjectures, which philosophers 
hazard upon these subjects, have more of preten- 
sion in them, than the challenging you to show 
the direct impossibility of the hypothesis. In the 
present example, there seemed to be a positive 
objection to the whole scheme upon the very face 
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of it; v/hich. was that^ if the case were as here re* 
presented^ new combinations ought to be perpe-^ 
taally taking place; new plants and animals, ot 
organised bodies which were neither, ought to be 
starting up before our eyes every day. For this, 
however, our philosopher has an answer. Whilst 
so many forms of plants and anunals are already 
in existence, and, consequently, so many '' internal 
moulds," as he calls them, are prepared and at 
hand, the organic particles run into these moulds, 
and aire employed in supplying an accession of 
substance to them, as well for their growth, as fot 
their propagation. By which means, things keep 
their ancient course. But, says the same philoso-^ 
pher, should any general loss or destruction of 
the present constitution of organised bodies take 
place, the particles, for want of " moulds " into 
which they might enter, would run into different 
combinations, and replenish the waste with new 
species of organised substances^ 

Is there any history to countenance this notion? 
Is it known that any destruction has been so re- 
paired ? any desert thus re-peopled? 

So far as I remember, the only natural appear*^ 
ance mentioned by our author, by way of fact 
whereon to build his hypothesis, is the formation 
of worms in the intestines of animals, which in 
here ascribed to the coalition of superabundant 
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organic partides^ floatii^ about in the first pas- 
Images; and wbich have combined themselves into 
these simple animal fi>rms> for want of internal 
moulds^ or of vacancies in those moulds^ into which 
they might be received. The thing referred to 
k rather a species of facts> than a i^ingle fact ; as 
some other cases may> with equal reason^ be in- 
cluded under it. But to make it a fact at aU, or, 
i^ any sort, applicable to the question, we must 
begin with asserting an equivocal generation, con- 
trary to analogy, and without necessity : contrary 
to an analogy, which accompanies us to the very 
limits ofour knowledge or inquiries; for wherever, 
either in plants or animals, we are able to examino 
the subject, we find procreation from a parent form: 
without necessity ; for I apprehend that it is sel- 
dom difficult to suggest methods by which the 
^ggs, or spawn, or yet invisible rudiments of these 
vermin, may have obtained a passage into the ca-^ 
vities in which they are found*. Add to this, that 
their constancy to their species, which, I believe, is 
as regular in thepe as in the other vermes, decide^ 
the question ^.gainst our philosopher, if, in truth, 
any que^on renamed upon the subject. 

Lai^tiy ; the^e wonder-working instrumentSj^ 

* I txuat I may be excused for not citing, as anotlier fkct whi&k 
if to confirm the hypothesis, a grave assertion of ^his writer, that 
the branches of trees upon which the stag feeds break out again in 
&it horns. SUeh facU jndldt no di«CtiB»ion.~^(gViate qf thm AtUtar.} 
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tibese ''internal moulds," what are they aft^ all ? 
what, when exanuned, but a name without signi- 
fication ; unintelligible^ if not self-contradictory ; . 
at the best, differing in nothing from the " e^sen- 
tial forms " of the Gre,ek philosophy t One §hort, 
^ntence ofBuffon's.work exhibitahis scheme a3, 
&II0WS : " When this nutritious and prolific mat-> 
ter> which is diffused throughout all nature, passes, 
through the inieirnal moidd of an animal or vege-^ 
table, and finds a proper matrix, or receptacle, it, 
gives rise to an animal or vegetable of the same, 
species.'* Does any reader annex a meaning tq, 
the expression " internal mould," in this sentence?. 
Ought it then to be said, that, though we have.. 
Ijttle notion of an internal mould, we have not. 
much more of a designing mind ? The very con- 
trary of this assertion is the truth. When we 
i^peak of an artificer or an architect, we talk of 
what is comprehensible to our understanding,, 
and familiar to our experience. We use n© other, 
terms, than what refer us for their meaning to our, 
consciousness and observation ; what express the 
constant objects of both : whereas names like that 
we have mentioned refer us to nothing; excite, 
no idea ; convey a sound to the ear, but I think 
do no more. 

Another system, which has lately been brought^ 
forward, and with much ingenuity, is that of op* 
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petencies. The principle, and the short account 
of the theory, is this: Pieces of soft, ductile, mat* 
ter, being endued with propensities or appetencies 
for particular actions, would, by continual endea- 
vours, carried on through a long series of gene- 
rations, work themselves gradually into suitable 
forms; and, at length, acquire, though perhaps by 
obscure and almost imperceptible improvements, 
an organisation fitted to the action which their re- 
spective propensities led them to exert. A piece 
of animated matter, for example, that was endued 
with a propensity to fly, though ever so shapeless, 
though no other we will suppose than a round ball 
to begin with, would, in a course of ages, if not in 
a million of years, perhaps in a hundred millions 
of years (for our theorists, having eternity to dis- 
pose of, are never sparing in time), acquire wings. 
The same tendency to loco-motion in an aquatic 
animal, or rather in an animated lump, which 
might happen to be surrounded by water, would 
end in the production of fins ; in a living sub- 
stance, confined to the solid earth, would put out 
legs 2ind feet; or, if it took a different turn, would 
break the body into ringlets, and conclude by 
crawling upon the ground. 

Although I have introduced the mention of this 
theory into this place, I am unwilling to give to it 
the name of an atheistic scheme, for two reasons : 
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Srst^ l)ecause> so far as I am able to understand itv 
the <»rigiiial propensitks and the numberless vari-> 
eties of them (so different^ in this respect, from 
the laws of mechanical nature, which are few and 
simple), are, in the plan itself, attributed to the 
oxdination and appointment of an intelligent and 
designing Creator: secondly, because, likewise, 
that large postulatum, which is all along assumed 
and presupposed, the faculty in living bodie& 
of producing other bodies organised like them 
itelves, seems to be referred to the same cause; at 
least is not attempted to be accounted for by any 
etiiCT. In one important respect, however, the 
theory before us coincides with atheistic systems^ 
viz. in that, in the formation of plants and ani« 
mals, in the structure and use of their parts, it 
does away final causes.^' Instead of the parts of a 



" Jn one sense this doctrine (if it deserve the name> 
of appetencies can hardly be said to supersede final 
causes. For suppose the conatus or appetency to have 
formed an eye, such as we now have it, and constructed 
as we know it to be, all its uses continue ; it is calcu- 
lated to perform the oflBce required, — to supply that, the 
desire of supplying which is supposed to have produced 
it. Stating that desire caused the production appears 
only to be a covert and somewhat absurd mode of stating 
the doctrine of final causes. 

£3 
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pbnt or animal, or tibe patti(»ilar structure of the 
parts, liaviug been intended for tiie action or the 
wte to which we see them applied ; according toi 
ftis theory, they have themselves grown out of that 
4Ktioo, sprung firom that use. The theory there-^ 
Idm dispenses with that which we insist upon, th» 
necessity, in each particular case, of an intelligent;, 
designing mind, for the contriving and determine 
ing of the forms which organised bodies bear.* 
GKve our philosopher these appetencies; give him 
a portion of living irritable matter (a nerve, or tho 
dapping of a nerve), to work upon : give also to 
his incipient or progressive forms the power, in 
every stage, of their alteration, of propagating 
their like ; and, if he is to be believed, he oonM 
replenifih the world with all the vegetable and 
animal productions which we at present see in it. 
The scheme under consideration is open to the 
same objection with other conjectures of a similar 
tendency, viz. a total defect of evidence. No 
changes, like those which the theory requires, 
have ever been observed. All the changes in 
Ovid's Metamorphoses might have been effected 
by these appetencies, if the theory were true; yet 
not an example, nor the pretence of an example, 
is offered of a single change being known to have 
taken place. Nor is the order of generation obe- 
dient to the principle upon which this theory is 
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built. The mammse'*' of the male have not va* 
Biished by inusitatioii ; mc cwrterum, per muUa 
aacula, JucUeorum propagmi deesf prtieputium. It 
i^ easy to say, and it has been said, that the alter* 
ative process is too slow to be perceived ; that it 
bas been carried on through tracts of immeasur- 
able time ; and that the present order of thing» 
is the result of a graduation, of which no hiunan 
records can trace the steps. It is easy to say this; 
^d yet it is still true, that the hypothesis remains 
destitute of evidence. 

The analoyief which have been alleged are of 
the following kind : The bunch of a camel is said 
to be no other than the effect of carrying burdens; 
a service in which the species has been employed* 
from the most ancient times of the world. The 

* I confess myself totaUy at s lots to guess at the reason, either 
final or eflBcient, for this part of the animal frame : unless there be 
some foundation for an opinion, of which I draw the hint from a 
paper of Mr. Eirerard Home («ul. Transact. 1799, Pt 2), vir^ 
that the mammae of the foetus may be formed before the sex is 
deieTm\ned.^^-—lNoie of the jiuihor.^ 

*• The paper alluded to is upon Hermaphrodites, in 
vol. Ixxxix. p. 157, and the suggestion is in the remarks 
upon the want of ovaria in certain monstrous births, and 
the male parts being found instead. The author (Sir E. 
Home) suggests that this may be explained by supposing 
the <mim, bef<n*e impiegnation, to have been equally 
adapted to becoming eitiacr a niale or a female foetua. 
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first race^ by the daily loftding of the back, would 
probably find a small grumous tumour to be 
formed in the flesh of that part. The next pro- 
geny would bring this tumour into the world with 
them. The life to which they were destined would 
increase it. ITie cause which first generated the 
tubercle being continued, it would go on, through 
every succession, to augment its size, till it at- 
tained the form and the bulk under which it now 
appears. This may serve for one instance : ano* 
ther, and that also of the passive sort, is taken 
from certain species of birds. Birds of the crane 
kind, as the crane itself, the heron, bittern, stork, 
have, in general, their thighs bare of feathers. 
This privation is accounted for from the habit of 
wading in water, and from the eflFect of that ele- 
ment to check the growth of feathers upon these 
parts ; in consequence of which, the health and 
vegetation of the feathers declined through each 
generation of the animal ; the tender down, ex- 
posed to cold and wetness, became weak, and thin, 
and rare, till the deterioration ended in the result 
which we see, of absolute nakedness. I will men- 
tion a third instance, because it is drawn from an 
active habit, as the two last were from passive 
habits; and that is the ptmch of the pelican. The 
description which naturalists give of this organ 
is as follows: " From the lower edges of the under 
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ebxp, hangs a bag, reachmg from the whole length 
of the bill to the neck, which is said to be capable 
of containing fifteen quarts of water. This bag 
the bird has a power of wrinkling up into the 
hollow of the under chap. When the bag in 
empty, it is not seen : but when the bird has 
fished with success, it is incredible to what au 
extent it is often dilated. The first thing the 
pelican does in fishing is to fill the bag; and 
then it returns to digest its burden at leisure. 
The bird preys upon the large fishes^ and hides 
them by dozens in its pouch. When the bill ia 
opened to its widest extent, a person may run his 
head into the bird's mouth; and conceal it in this 
monstrous pouch, thus adapted for very singular 
purposes*." Now this extraordinary conformation 
is nothing more, say our philosophers, than the 
result of habit ; not of the habit or eflfort of a 
single pelican, or of a single race of pelicans, but 
of a habit perpetuated through a long series 
of generations. The pelican soon found the conr 
yeniency of reserving in its mouth, when its ap- 
petite was glutted, the remainder of its prey, 
which is fish. The fulness produced by this at* 
tempt, of course stretched the skin which lies be-i 
tween the under chaps, as being the most yielding 
part of the mouth. Every distention increased 

* Goldsmith, vol. yi. p. 52, 
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tbe cavity. The <Mrigi]ial bircU and many g&Mmh 
tions which succeeded bim« m^ht fiad difllctdf^ 
enough in making the pouch answer this purposes 
but fiiture pelicans^ entering upon life with ii 
pouch demed from their progenitors, of consi- 
derable capacity^ would more readily accelerate 
its advance to perfection, by frequently pressing 
down the sac with the weight of fish which it 
might now be made to contain. 

The8e> or of this kind, are the analogies re^d 
mpon. Now, in the first place, the instances them- 
selves are unauthenticated by testiniany; and in 
theory, to say the least of them, open to great 
objections. Who ever read of camels without 
bunches, or with bunches less than those witk 
which they are at present usually formed? A 
bunch, not unlike the camel's, is found between 
the shoulders of the buffalo ; of the origin of 
which it is impossible to give the account here 
given. In the second example : Why jshould the 
application of water, wluch appears to promote 
and thicken the growth of feathers upon the 
bodies and breasts of geese, and swains, and oth^r 
water-fowls, have divested of this covering the 
thighs of cranes ? The third instance, which ap- 
pears to me aa plausible as any that can be pror 
duced, has this against it, that it is a singularity 
restricted to the species; whereas, if it had its 
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have been assignee^ the like confonnatk>n might 
be expected to take place in othei^ birds^ which fed 
upon fish. How comes it to pass^ that the pelican 
alone was the inventress> and her descendants the 
only inheritors^ of this curious resource ? *^ 

'^ The argument against the doctrine of appetencies 
may be urged thus upon well-known facts. If the camel's 
bunch has arisen firem the. anima!, originally without 
any protuberance, having his back i^cted by burthens' 
imposed, it would follow that human contnyance coaM 
alter the shape of beasts, which it most certainly cannot, 
as dfidly experience in regard to most domestic animals 
diows. No change of form i»oduced immediately and 
directly, as by cutting, compressing, rublnng, can be 
perpetuated in the breed. All we can do with regard to 
animals, and all that any animals can do with regard to 
themsdves, is indireedy, as by affecting thdr health, to 
affect the proportions of their parts, as bone, fat, muscle ; 
the effects of whddi changes will be perceived in the 
progeny. 

We have here been observing only upon the feet ; but 
suppose the fact to be as the theory of appetencies as- 
sumesy-r-suppose the camel's bimch has been formed by 
weight and fhction, and ib& pelican's poudi by the food 
ctistending the underdiap^ — in other words, suppose (con- 
teary to what we have shoWn is the fact) diat the changes 
induced in one animal or race at a ^ven time, are pro- 
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But it is the less necessary to controvert tlie 
instances themselves^ as it is a straining of ana- 
logy beyond all limits of reason and credibility, 

pagated and continue in their descendants, — ^it is plain 
that the sceptical argument gains nothing by this con^ 
cession. For how are such changes continued ? Only 
by the process of generation. Nay, how are they at 
first effected ? By the operation of physical laws,— 
that is, by the constitution of matter. The quadruped's 
bunch and the bird's pouch, allowing the whole facts to 
be as the ailment assumes it, are both originally formed 
a;nd propagated afterwards by the means of the qualities 
with which matter is endowed; and the inference of 
^ign is not affected by the step thus added to the 
process of reasoning. It can manifestly make no dif- 
ference to that inference, whether we hold that the bird's, 
pouch is provided for its necessities by a conformation 
at all times belonging to it according to the constitution 
of the world, or by one superinduced according to that 
same constitution. The utmost that the sceptical hy- 
pothesis can gain by such concessions as we have been 
supposing to be made, is that the form of the world was 
at one time less perfect than it now is. A similar it" 
mark arises upon the conjecture of Laplace (in which 
others have followed him) respecting the original ar- 
rangement of the motions and longitudes of Jupiter's 
three first satellites, treated of in another note. — (See 
n<^es to Chap, xxii.) 
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to assert that birds^ and beasts^ and fisb> with all 
their variety and complexity of organisation^ have 
been brought into their forms^ and distinguished 
into their several kinds and natures, by the same 
process (even if that process could be demon* 
strated^ or had it ever been actually noticed) as 
might seem to serve for the gradual generation. 
of a cameVs bunch, or a pelican's pouch. 

The solution, when applied to the works of 
nature generally, is contradicted by many of the 
phaenomena, and totally inadequate to others. 
The ligaments or strictures, by which the tendons 
are tied down at the angles of the joints, could, 
by no possibility, be formed by the motion or ex- 
ercise of the tendons themselves; by an api)etency 
exciting these parts into action ; or by any ten- 
dency arising therefrom. The tendency is all the 
other way : the conatus in constant opposition to 
them. Length of time does not help the case at 
all, but the reverse. The valves also in the blood- 
vessels could never be formed in the manner 
which our theorist proposes. The blood, in its^^ 
right* and natural course, has no tendency to form 
them. When obstructed or refluent, it has the 
contrary. These parts could not grow out of their 
use, though they had eternity to grow in. 

The senses of animals appear to me altogethei* 
incapable of receiving the explanation of their 
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origin whkh this theory aiFords. Including unde^ 
the word '^ sense " the organ and the perception^ 
we have no account of either. How will our phi- 
losopher get at vision, or make an eye? How. 
should the blind animal affect sights of which 
blind animals, we know, have neither conception 
nor desire ? Affecting it, by what operation of it^ 
wiU, by what endeavour to see, could it so deter-, 
mine the fluids of its body, as to inchoate the for- 
mation of an eye? or suppose the eye formed^ 
would the perception follow? The same of the 
other senses. And this objection holds its force, 
ascribe what you will to the hand of time, to the 
power of habit, to changes too slow to be ob- 
served by man, or brought within any comparison^ 
which he is able to make of past things with the, 
present; concede what you please to these arbi-, 
trary and unattested suppositions, how will they, 
help you? Here is no inception. No laws, no 
course, no powers of nature which prevail at pre- 
sent, nor any analogous to these, would give com- 
mencement to a new sense. And it is in vain to 
inquire how that might proceed, which could nevar 
begin. 

I think the senses to be the most inconsistent 
with the hypothesis before us, of any part of the 
animal frame. But other parts are sufficiently 
so. The solution does not apply to tjie parts of 
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animals^ which have little in them of motion. If 
we could suppose joints and muscles to be gra- 
dually formed by action and exercise^ what action 
or exercise could form a skulls and fill it with 
brains ? No effort of the animal could determine 
the clothing of its skin. What conatms could give 
prickles to the porcupine or hedgehog, or to the 
sheep its fleece ? 

In the last place: What do these appetencies 
mean vihen applied to plants ? I am not able to 
gpve a di^ufication to the tenB> ^dui^ cam be 
triKnsferred from animals to plants; or which is 
common to both. Yet a no less successfiil orga- 
nisation, is found in plants, than what obtains in 
^mmals. A sdbtion is wanted for one, as well as 
the other. 

Upon the whole, after all the schemes and 
struggles of a reluctant philosophy, the necessary 
ipesort is to a Deity. The marks of desi^ are too 
strong to be gotten over. Design must have had 
a designer. That designer must have been a per- 
son. That person is God. 
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CHAPTER XXIV. 

OF THE NATURAL ATTRIBUTES OF THE DEITY. 

It is an immense conclusion^ that there is a 
God ; a perceiving, intelligent^ designing Being; 
at the head of creation^ and from whose will it 
proceeded. The attributes of such a Beings sup*' 
pose his reality to be proved^ must be adequate 
to the magnitude, extent^ and multiplicity of his^ 
operations : which are not only vast beyond com- 
parison with those performed by any other power ; 
but, so far as respects our conceptions of them, 
infinite, because they are unlimited on all sides. 

Yet the contemplation of a nature so exalted> 
however surely we arrive at the proof of its exist*^ 
ence, overwhelms our faculties. The mind feels 
its powers sink under the subject. One con- 
sequence of which is, that from painful abstract 
tion the thoughts seek relief in sensible images. 
Whence may be deduced the ancient, and almost 
universal propensity to idolatrous substitutions. 
They 'are the resources of a labouring imagina* 
tion. False religions usually fall in with the na* 
tural propensity ; true religions^ or such as have 
derived themselves from the true, resist it. 
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It is one of the advantages of the revelations 
wMch we acknowledge, that, whilst they reject 
idolatry with its many pernicious accompaniments, 
they introduce the Deity to human apprehension, 
tmder an idea more personal, more determinate, 
more within its compass, than the theology of na« 
ture can do. And this they do by representing 
Jum exclusively under the relation in which ho 
stands to ourselves; and, for the most part, under 
some precise character, resulting from that rela« 
tion, or from the history of his providences : which 
method suits the span of our intellects much better 
than the universidity which enters into the idea of 
God, as deduced from the views of nature. When, 
therefore, these representations are well founded 
in point of authority (for all depends upon that), 
they afford a condescension to the state of our fa- 
culties, of which they, who have most reflected on 
. the subject, will be the first to acknowledge the 
want and the value. 

Nevertheless, if we be careful to imitate tho 
documents of our religion, by confining our expla* 
nations to what concerns ourselves, and do not 
affect more precision in our ideas than the subject 
allows of, the several terms which are employe^ 
to denote the attributes of the Deity may be 
made, even in natural religion, to bear a sensQ 
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•consieptent wi<3i truth and readon, and not surpass- 
ing our. comprehension. 

These terms are, — Omnipotence, omniscience, 
omnipresence, eternity, self-existence, necessary 
existence, spirituality. 

*' Omnipotence, " " omniscience," " infinite** 
power, ''infinite** knowledge, are sttperlafives; 
expressing our conception of these attributes in 
the strongest and most elevated terms which lan- 
guage supplies. We ascribe power to the Deity 
under the name of *' omnipotence," the strict and 
correct conclusion being, that a power which could 
create such a worid as this is, must be, beyond all 
comparison, greater than any which we experience 
in ourselves, than any which we observe in other 
visible agents ; greater also than any which we 
can want, for otir individual protection and pre- 
servation, in the Being upon whom we depend. 
It is a power, likewise^ to which we are not autho- 
rised, by our observation or knowledge, to assign 
any limits of space or duration. 

Very much of the same sort of remark is ap- 
plicable to the term " omniscience," infinite know- 
ledge, or infinite wisdom. In strictness of lan- 
guage, there is a difference between knowledge 
and- wisdom; wisdom always supposing action, 
and action directed by it. With respect to the 
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first, viis. knowledge, the Creator must know, in- 
timately, the constitution and properties of the 
things which he created: which seems also to 
imply a foreknowledge of their action upon one 
another, and of their changes ; at least, so far as 
^e same result firom trains of physical and neces- 
sary causes. His omniscience also, as &r as re- 
spects things present, is deducible from his na- 
ture, as an intelligent being, joined with the 
extent, or rather the universdify, rf his opera- 
tions. Where he acts, he is : and where he is, iie 
perceives. The wisdom of the Deity, as testified 
in the works of creation, surpasses all idea we 
have Qjf wisdom, drawn from the highest intellec- 
tual operations of the highest class of intelligent 
beings with whom we are acquainted ; and, which 
is of the chief importance to us, whatever be its 
compass or extent, which it is evidently impoij- 
sible that we should be able to determine, it must 
he adequate to the conduct of that order of things 
under which we live. And this is enough. It is 
of very inferior consequence, by what terms we 
express our notion, or rather our admiration, of 
this attribute. The terms, which the piety and 
the usage of language have rendered habitual to 
us, may be as proper as any other. We can trace 
this attribute muxh beyond what is necessary Sor 
any conclusion to whidbi we have occasion to apply 
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it. The degree of knowledge and power requisite 
for the formation of created nature cannot, with 
respect to us, be distinguished from infinite.** 

The divine " omnipresence " stands, in natural 
theology, upon this foundation : — In every part 
and place of the universe with which we are ac- 
quainted, we perceive the exertion of a power, 
which we believe, mediately or immediately, to 
proceed firom the Deity. For instance : in what 
part or point of space, that has ever 1)een ex* 
plored, do we not discover attraction ? In what 
regions do we not find light ? In what accessible 
portion of our globe do we not meet with gravity, 
magnetism, electricity ; together with the proper- 
ties also and powers of organised substances, of 
vegetable or of animated nature ? Nay, further, 
we may ask. What kingdom is there of nature, 
what comer of space, in which there is any thing 

'® It is not perhaps quite correct to state that ** tn- 
finiie^^ as applied to the Deity, means only a d^ree of 
power or wisdom beyond all comparison greater than 
any such qualities possessed by ourselves; and that 
this term, as well as " omnipotence** is merely a supers 
lative. Those words also designate the existence of the 
attributes in such a degree, that any extent whatever of 
them being either presented to our observation, or con-* 
ceived by our imagmation, the Deity possesses them in 
a still greater degree — a d^ree to which our conception 
can affix no bounds. 
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that can be examined by us, wh^e we do not fidl 
upon contrivance and design ? The only reflec- 
tion perhaps which arises in our minds from this 
view of the world around us is, that the laws of 
nature everywhere prevail ; that they are uniform 
and universal. But what do you mean by the 
laws of nature, or by any law I Effects are pro- 
duced by power, not by laws. A law cannot exe- 
cute itself. A law refers us to an agent. Now 
an agency so general, as that we cannot discover 
its absence, or assign the place in which some 
efiipbct of its continued energy is not found, may, 
in popular language at least, and, perhaps, with- 
out much deviation from philosophical strictness, 
be called universal : and, with not quite the same, 
but with no inconsiderable propriety, the person, 
or Being, in whom that power resides, or from 
whom it is derived, may be taken to be omnipre- 
sent He who upholds all things by his power, 
may be said to be every where present. 

This is called a virtual presence. There is also 
what metaphysicians denominate an essential ubi- 
quity ; and which idea the language of Scripture 
seems to favour : but the former, I think, goes as 
far as natural theology carries us." 

" Upon this confessedly abstruse subject some state- 
ments will be found" in the Appendix. The three doc- 

VOL. II, F 
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^Btcnaty " it a negative idea, olodied with a 
positire name. It supposes, in that to wliich it is 
apfdied, a present existence ; and is the negation 
of a beginning or an end of that existence. As 

trines are — ubiquity by diffusion^ virtual ubiquity, or 
that of power only, and ubiquity of essence. The last is 
expressed thus, to the exclusion of the second, by Sir I. 
Newton, in the Schol. Gren. to the Principia : — " Omni- 
prsesens est non per virtutem solam sed etiam per sub- 
stantiam ; nam virtus sine substantia subsistere non 
potest." It is perhaps hardly correct to say that Natural 
Theology carries us not to the idea of Essential Ubiquity. 
Dr. Clarke makes Essential Ubiquity one port of fak con- 
clusion from the argument d friori ; and though his ftd- 
versaries (see Chev. Ramsay, ho^k i. prop^ 8. Schol.) 
charged him with adopting the DiffofiYe Ubiquity, he is 
plainly not subject to this observation. The foUowevs 
of Socinus, who maintained Virtual Uluquity, are ably 
combated, and the Essential Ubiquity defended by Dr« 
Hancock (Boyle Lecture, vol. ii. p. 222X upon argu- 
ments drawn from natural religion. We are here, it is 
to be observed, only speaking of the idea or doctrine itself 
having been attained independent of Revelation ; and not 
inquiring how far those arguments of unassisted reason 
have enforced the belief of it, or even made it compre- 
hensible. Descartes (Principia I. xxii.) does not enu- 
merate Ubiquity at all among the attributes, unless in so 
fur as it may be included under infinite perfection ge- 
nerally ascribed. — (I. xxii. xxvii., II. xxxvi., III. i.) 
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ap^ied to ilw Deity, it has Bot been controverted 
hj ttK>ae who seknowledge a Deity at slL Most 
assuredly, there never was a time in whieh no- 
thing ^dflied, because that c(Midition mu^t haire 
continaed. The umrersal blarJc most hare re- 
mained; nothing eonld rise up out of it; nothing 
could ever have existed since; nothing could 
^st now. In strictness, however, we have no 
oon(^m with duration prior to that of the visible 
world. Upon this article therefore of theology, 
it is sufficient to know that the contriver neces- 
sarily existed before the contrivance. 

'' Sdtf-existence " is another negative idea, vis. 
the negation of a preceding cause, as of a proge- 
nitor, a maker, an author, a creator.*" 

"Necessary existence " means demonstrable ex- 
istence.'^ 

*® Self-existent means, in any intelligible sense, only 
uncreated, independent, eternal. The ancient doctrine 
of Self-created, if it goes beyond the mere negative 
sense, is absolutely unintelligible, or, to use Dr. Clarke's 
words, " an express contradiction." 

** Necessary, properly means demonstrable in such a 
way, that the contrary involves a contradiction and is 
inconceivable. Dr. Paley here uses the word demon- 
strable per se in this sense ; for which he has the au- 
thority of several metaphysical writers. 

f2 
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" Spirituality " expresses an idea, made up of a 
negative part, and of a positive part. The nega- 
tive part consists in the exclusion of some of the 
known properties of matter, especially of solidity, 
of the vvt inertus, and of gravitation. The po- 
sitive part comprises perception, thought, will, 
power, action, by which last term is meant the 
origination of motion ; the quality, perhaps, in 
which resides the essential superiority of spirit 
over matter, "which cannot move, unless it be 
moved ; and cannot but move, when impelled by 
another."* I apprehend that there can be no 
difficulty in applying to the Deity both parts of 
this idea. 

• Bishop Wilkins's Principles of Natural Religion, p. 106. 
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CHAPTER XXV. 

OF THE UNITY OF THE DEITY. 

Of the ''Unity of the Deity," the proof is, the 
uniformity of plan observable in the universe. 
The universe itself is a system; each part either 
depending upon other parts, or being connected 
with other parts by some common law of motion, 
or by the presence of some common substance. 
One principle of gravitation causes a stone to 
drop towards the earth, and the moon to wheel 
round it. One law of attraction carries all the 
different planets about the sun.** This philo- 

" Bishop Brinkky considers the subject of nebulae 
and double stars ^^ as hardly yet sufficiently investigated " 
for affording grounds of additional illustration to the cul- 
tivator of Natural Theology ; and it is much to be re- 
gretted that he, on this account, abandoned the design, 
which he says he had at one time formed, of adding some 
notes upon this branch of astronomical science. The 
Appendix will contain a reference to this subject, parti- 
cularly to the additional argument drawn from the re- 
volution of double stars in favour of the universal ex*- 
tension of gravitation. 

The fact of the heavenly bodies which form our 
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sophers demonstrate. There are also other points 
of agreement amongst them, which may be con- 
system all moving ia the same direction of revolution, 
is deserving of the deepest attention when we consider 
that it leads to tbe most important result of the stability 
of the system explained above (chap, xxii., notes); and 
that it is one of innumerable arrangements which might 
have been made> and none of which could have led to 
this result. In any other case equal roots, or imaginary 
roots, or both, must have found their way into the equa- 
tion from which the law of stability is deduced. (^Mec. 
Cel. 1. ii. c. 7, s. 55, 57, and liv. xv. c. 1.) Now the 
teme profound geometrician has shown, in another work, 
by the calculus of probabilities, that it is above four 
millions of millions to one in favour t^ the fortynthree 
motions from west to east (including rotaticm as wdl as 
rerolutton and the motions of the sun and of the rings, 
as well as of the planets and satellites) having been 
dnrected by one original or First Oauae ; and fay thesune 
-calculus be has shown the probability of the sun's rtsmg 
again on the morrow of any given day, to be not much 
moie than 1,800,000 to one, or, in other, words, dnt 
AiA event is above two million times less probable tium 
the truth of the position that the motions in. our system 
were designed by one First Cause. This illustrious pln- 
•losopher has been censui^d for not dmwing in terms die 
H)onclu8ion to which his sublime lesearches, with thoee 
of Lagrange, have led the way, and at which he mmt 
himself have arrived, — that a Supieme Intelligence alone 
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$klea:ed as marks of the identity of their origin, 
and of their intelligent Author. In all are found 
the conveniency and stability derived from gravi- 
tatiom They all experience vicissitudes of days 
and nights, and changes of season. They all, at 
teafet Jupiter, Mars, and Venus, have the same 
advantages from their atmosphere as we have. In 
all the planets, the axes of rotation are perma- 
nent. Nothing is moire probable than that the 
same attracting influence, acting according to tlie 
same rule, reaches to the fixed stars : but, if this 
be only probable, another thing is certain, viz. 
tjiat the same element of light does. The light 
from a fixed star affects our eyes in the same 
manner, is refracted and reflected according to 
the same laws, as the light of a candle. The 
velocity of the light of the fixied stars is also the 
same as the velocity of the light of the sim, re- 
flected from the satellites of Jupiter. The heat 

could have formed this magnificent and stable system. 
His reason for abstaining from indulging in such con- 
templations probably was that his work is purely mathe- 
matical, and that Uiis would have been a digression into 
another science. But the reason is not sufficient, and 
the omission must evet be lamented as a defect in a work 
so nearly perfect. Mr. Whewell has made some inge- 
javdiQM stnctures upon this subject in his able and learned 
Sridgevrnksr Treatwe, b. iiu c. 5 and 6. 
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of the sun, in kind, differs nothing from the heat 
of a coal fire." 

* The law by which the distances of the planets aie 
regulated was referred to in a note by Bishop Brinkley 
to the 22nd chapter, and affords an evidence of unity 
of design not to be passed over. It is this nearly, but 
not exactly. Form a series of numbers, each consisting 
of the number 4 added to the number 3, but to the num- 
ber .3 multiplied successively by 0, 1, 2, 4, 8, 16, and 
the other powers of 2 : the mean distance of Mercury 
being 4, this series will represent the mean distances of 
the other planets successively. Taking the four newly- 
discovered planets between Mars and Jupiter as one— 
the distances of Venus, the Earth, and Jupiter, coincide 
with the series exactly ; the others slightly differ. Thus 



Mercury by the supposition 


4 


4 


Venus by 


the theory . 


. 7 by observation 7 


Earth . 


. 


10 


10 


Mars 


... 


16 


15 


New planets 


28 


27 




Vesta 


. 23-73 






Juno 


26-67 






Ceres 


. 27-67 






Pallas 


. 27-68 




Jupiter 


• 


52 . . 


52 


Saturn 


. 


100 


95 


Uranus 


. ... 


196 . 


192 


" We cannot but remark, 


," says Bishop Brinkley, 


the near 


agreement of the 


law with the exact 


; mean 
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In our own globe^ the case is clearer. New 
countries are continually discovered^ but the old 
laws of nature are always found in them: new 
jdants^ perhaps^ or animals^ but always in com« 
pany with plants and animals which we already 
know ; and always possessing many of the same 
general properties. We never get amongst such 
original, or totally different, modes of existence, 
as to indicate, that we are come into the province 
of a different Creator, or under the direction of a 
different will. In truth, the same order of things 
attends us, wherever we go. The elements act 
u]>on one another, electricity operates, the tides 
rise and fall, the magnetic needle elects its posi- 
tion, in one region of the earth and sea, as well 
as in another. One atmosphere invests all parts 

distances, and cannot hesitate to pronounce that those 
were assigned according to a law, although we are entirely 
ignorant of the exact law and of the reason for that 
law." 

This sentence derives a peculiar, though a painful Jin- 
terest from the circumstance of its being in all likelihood 
the last written by this profound and accomplished as- 
tronomer, on subjects connected with his favourite study. 
It closed the communication received from him, which 
was dated at Cloyne, June 25, 1835 ; and he died at 
Dublin, in less than three months after (Septem- 
ber 14). 

f3 
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0f the globe, wd ^onoects all ; 00m snn iUumi- 
nates, one moon exerts its specific attracdon upon 
«U parts. If tb^re be a yariety in natural eSeeia, 
%B, e. g* iu the ticbs of different seas, that very va- 
riety is the result of the same causa, acting unda* 
different circumstances. In many cases this is 
proved ; in all, is probable. 

The inspection and comparison of Iwing forms 
add to this argument examples without number. 
Of all large terrestrial animals the structure is 
very much alike ; their senses nearly the same ; 
their natural functions and passions nearly the 
same ; their viscera nearly the same, both in sub- 
stance, shape, and office : digestion, nutrition, cir- 
culation, secretion, go on, in a similar manner, in 
all ; the great circulating fluid is the same ; for, I 
think, no difference has been discovered in the 
properties of blood, from whatever suumal it be 
drawn. The experiment of transfusion proves 
that the. blood of one animal will serve for another. 
The skeletons also of the larger terrestrial animals 
•show particular varieties, but still under a great 
general affinity. The resemblance is somewhat 
less, yet sufficiently evident, between quadrupeds 
and birds. They are all alike in five respects, for 
one in which they differ* 

In^^A, which belong to another department, as 
it were, of nature, the points of comparison become 
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few«r. Bat we never lose sight of oar analogy^ 
e. g. we ntiU. meet with a stomachy a liver, a spine ; 
with bile and blood; with teeth; with eyes (which 
eyes are only sUghtly varkd from oar own, and 
which variation, in truth, demonstrates, not an in- 
terruption, but a continuance of the same exqui- 
site plan ; for it is the adaptation of* the organ to 
the element, vix. to the different refraction of 
light passing into the eye out of a denser me- 
dium). The provinces, also, themselves of water 
and earth, are connected by the species of animals 
which inhabit both; and also by a large tribe of 
aquatic animals, which closely resemble the ter- 
restrial in their internal structure; I mean the 
cetaceous tribe, which have hot blood, respiring 
hmgs, bowels, and other essential parts, like those 
of land-animals. This similitude, surely, bespeaks 
the same creation and the same Creator. 

Imects and shell- fish appear to me to differ from 
other classes of animals the most widely of any. 
Yet Qven here, besides many points of particular 
resemblance, there exists a general relation of a 
peculiar kind. It is the relation of inversion; the 
law of contariety : namely, that, whereas, in other 
^limals, the bones^ to which the muscles are at- 
tached, lie wUhin the body> in insects and shell- 
fish they lie on the oatMe of it. The shell of a 
lobster performs to the animal the office of a hane^ 



Digitized 



by Google 



108 NATURAL THEOLOGY* 

by furnishing to the tendons that fixed basis or 
immovable fiilcrum, without which> mechanically^ 
they could not act. The crust of an insect is its 
shell, and answers the like purpose. The sl^ll 
also of an oyster stands in the place of a frone ; 
the bases of the muscles being fixed to it, in the 
same manner as, in other animals, they are fixed 
to the bones. All which (under wonderful vari- 
eties, indeed, and adaptations of form) confesses 
an imitation, a remembrance, a carrying on, of 
the same plan. 

The observations here made are equally appli- 
cable to plants ; but, I think, unnecessary to be 
pursued. It is a very striking circumstance, and 
also sufficient to prove all which we contend for, 
that, in this part likewise of organised nature, we 
perceive a continuation of the sexual system. 

Certain however it is, that the whole argument 
for the divine unity goes no farther than to an 
unity of counsel.** 

It may likewise be acknowledged, that no argu* 

** The extraordinary discoveries in geology made since 
Dr. Paley's time by the stndy of fossil osteology by no 
means impair his. argument as to Unity when rightly 
considered. These will be fully discussed in the Ap- 
pendix, and they.. throw material light upon other 
branches of the subject. 
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meiits which we are in possessioii of> exclude the 
ministry of subordinate agents. K such there be> 
tiiey act under a presiding^ a controlling will; 
because they act according to certain general 
restrictions^ by certain common rules^ and> as it 
should seem, upon a general plan : but still such 
agents, and different ranks, and classes and de- 
grees of them, may be employed.** 

** Addison, a person of practical understanding, calm 
temperament, and widely removed from all enthusiasm, 
(Spectator, No. 110,) states very plainly his belief in 
spirits, not in the religious and philosophical sense of 
subordinate agents, adopted by Dr. Paley, but in the 
popular sense of ghosts. He rests Jiis opinion, as Dr. 
Johnson did his strong inclination towards the same 
belief, upon the cogency of testimony. Respecting witch- 
craft, he elsewhere (No. 117) expresses the inclination 
of his opinion in favour of it generally and abstractedly ; 
but refusing all credit to particular instances. The 
feeling which dictates such a disposition to believe in 
a spiritual world is natural, as well as amiable. But 
it may be questioned if religion does not lose as much 
as it can gain by indulging in it 
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CHAPTER XXVI. 

OF THE GOODNESS OF THE DEITY. 

The proof of the divine goodness reits upon 
two propositions: each, as we contend, capable 
^f being made out by observations drawn from 
the appearances of nature. 

The first is, "that in a vast plurality of in- 
stances in which contrivance is perceived, the 
design of the contrivance is beneficiaV 

The second, *'that the Deity has superadded 
pleasure to animal sensations, beyond what was 
necessary for any other purpose, or when the pur- 
pose, so far as it was necessary, might have been 
effected by the operation of pain." 

First, '' in a vast plurality of instances in which 
contrivance is perceived, the design of the contri- 
vance is benefidaV 

No productions of nature display contrivance 
so manifestly as the parts of animals ; and the 
parts of animals have all of them, I believe, a real, 
and, with very few exceptions, all of them a known 
and intelligible subserviency to the use of the 
animal. Now, when the multitude of animals is 
considered, the munber of parts in each, their 
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figure and fitness, the faculties depending upon 
tbei9* the variety of species, the complexity of 
structure^ the sucoess, in 80 many cases> and fioli- 
eUy <^ the result, we ean never reflect^ without 
the profoundest adoration, upon the character of 
that Being firom whom all these things have pro- 
ceeded : we cannot help acknowledging what an 
exertion of benevolence creati<m was ; of a bene- 
volence how minute in its care, how vast in its 
comjvebension ! 

When we appeal to the parts and Acuities of 
animals, and to the limbs and smises of animals 
in particular, we state, I conceive, the proper 
medium of proof for the conclusion which we 
wish to establish. I wiU not say, that the insen- 
sible parts of nature are made solely for the 
sensitive parts : but this I say, that, when we 
consider the benevolence of the Deity, we can 
only consider it in relation to sensitive being. 
Without this r^erence, or referred to any thing 
else, the attribute has no object; the term has 
no meaning. Dead matter is nothing. The 
parts, therefore, especially the limbs and senses, 
of animals, although they constitute, in mass 
and quantity, a small portian of the material 
creation, yet, since they alone are instruments 
of perception, they compose what may be called 
tiie whole of visiUe nature, estimated wiih a 
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view to the disposition of its Author. Conw- 
quently, it is in these that we are to seek his 
character. It is by these that we are to prore 
that the world was made with a benevolent 
design. 

Nor is the design abortive. It is a happy 
world after all. The air^ the earthy the wateri 
teem with delighted existence. In a spring 
noon^ or a summer evening, on whichever side 
I turn my eyes^ myriads of happy beings crowd 
upon my view. "The insect youth are on the 
wing." Swarms of new-bom flies are trying 
their pinions in the air. Their sportive motions, 
their wanton mazes, their gratuitous activity, 
their continual ^change of place without use or 
purpose, testify their joy, and the exultation which 
^ they feel in their lately discovered faculties. A 
bee amongst the flowers in spring is one of the 
most cheerful objects that can be looked upon. 
Its life appears to be all enjoyment; so busy, and 
so pleased; yet it is only a specimen of insect lifi^ 
with which by reason of the animal being half do- 
mesticated, we happen to be better acquainted 
than we are with that of others. The wholes 
winged insect tribe, it is probable, are equally 
intent upon their proper employments, and, under 
every variety of constitution, gratified, and per- 
haps equally gratified, by the offices which the 
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Author of their nature has assigned to them. 
Bat the atmosf^ere is not the only scene 6f enjoy- 
ment for the insect race. Plants are covered with 
aphides^ greedily sucking their juices> and con- 
8tantly> as it should seem, in the act of sucking. 
It cannot be doubted but that this is a state of 
gratification. What else should fix them so close 
to the operation, and so long ? Other species are 
running about, with an alacrity in their motions 
which carries with it every mark of pleasure. 
Lai^e patches of ground are sometimes half co- 
vered with these brisk and sprightly natures. If 
we look to what the waters produce, shoals of the 
fry of fish frequent the margins of rivers, of lakes, 
and of the sea itself. These are so happy, that 
they know not what to do with themselves. Their 
attitudes, their vivacity, their leaps out of the 
water, their frolics in it (which I have noticed a 
thousand times with equal attention and amuse- 
ment), all conduce to show their excess of spirits,^ 
and are simply the effects of that excess. Walk- 
ing hy the sea-ede> in a cahn evening, upon a 
sandy shore, and with an ebbing tide, I have fre- 
quently remarked the appearance of a dark cloud, 
or, rather, very thick mist, hanging over the edge 
of the water, to the height, perhaps, of half a yard, 
and of the breadth of two or three yards, stretch^ 
ing along the coast as far as the eye could reach. 
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aad always leticiiig with the water. Whm thk 
doad caine to be examined it proTcd to be notfaiag 
eke Aan so much vptice filled with young shrmjm, 
in the act of bounding into the anr irom the i^al- 
low margin of tiie water, or firom the wet sand. 
If aay motion of a mmte animal conld express 
delight, it WHS this : if they Jiad meant to make 
signs of theMT happiness, they ooold not have dene 
|t more intelligibly* Suppose, then, what I have 
no doubt o^ each individual of this number to be 
in a state of positive enjojrment; what a sum, goI' 
lectively, of gratification and pleasure have we 
^here before our view ! *• 

The young of all animals appear to me to re- 
peive pleasure simply from tl» exevcise of their 
limbs and bodily fai^ties, without reference to 
any end to be ttUained, or any use to be answered 
by the e?certion. A child, without knowing any 
thing of the use of language, is in a high degree 
delighted ynth being able to speak. Its incessant 
repetition of a few articulate sounds, or, perhaps* 

" To these considerations it must be added, that the 
lives of «uch animals may be only apparently short. If 
^ine is but the succession of ideas, then, as Soame 
Jenyni has observed, the insect that flutters for a single 
summer's, day may in reality live as loag as the tortoise 
t^iat breathes £or a century; 
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oi tibe «uigle word wfaic^ H has learnt to ^x>- 
aouneey proves this point clearly. Nor is it lass 
pfeased with its first suoce^ul ^deavours to 
walk, or imther to run (which precedes walkiag)^ 
idthongh entirely ignorant of the imp(»rtance of 
the attainment to its future life^ and ^ven with- 
out applying it to any present purpose. A child 
is delighted with speaking, without having any 
thing to S9J, and with walking, without knowing 
where to go. And, prior to both these, I am dis- 
posed to belkve, that the waking hours <^ in&ncy 
are agreeably taken up with the exercise of vision, 
or perhaps, more properly speaking, with learning 
to see. 

• But it is not for youth abne that the great 
Parent of creation hath provided. Happiness is 
found with the purring cat, no less than with the 
|dayful kitten; in the arm-K^aur of dozing age, as 
well as in ^ther the sprightliness of the dance, or 
the animation of the chase. To novelty, to.acute- 
oe^ of sensation, to hope, to ardour of pursuit* 
succeeds, what is, in no inconsiderable degree, an 
equivalent for them all, ''perception of ease." 
Her^n is the exact difference between the young 
and the old. The young are not happy but when 
^ijoying pleasure ; the old are happy when free 
from pain. And this constitution suits with the 
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degrees of animal power which they respectively 
possess. The vigour of youth was to be stimu> 
lated to action by impatience of rest; whilst to the 
imbecility of age, quietness and repose become 
positive gratifications. In one important respect 
the advantage is with the old. A state of ease is, 
generally speaking, more attainable than a state 
of pleasure. A constitution, therefore, which can 
enjoy ease, is preferable to that which can taste 
only pleasure. This same perception of ease often- 
times renders old age a condition of great comfort ; 
especially when riding at its anchor after a busy 
or tempestuous life. It is well described by Rous- 
seau, to be the interval of repose and enjoyment 
between the hurry and the end of life. How far 
the same cause extends to other animal natures 
cannot be judged of with certainty. The appear- 
ance of satisfaction with which most animals, as 
their activity subsides^ seek and enjoy rest, affords 
reason to believe, that this source of gratification 
is appointed to advanced life, under all, or most, of 
its various forms. In the species with which we 
are best acquainted, namely our own, I am far, 
even as an observer of human life, from thinking 
that youth is its happiest season, much less the 
only happy one: as a Christian, I am willing. to 
believe that there is a great deal of truth in the 
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following representation given by a very pious 
writer, as well as excellent man*: "To the intelli- 
gent and virtuous, old age presents a scene of 
tranquil enjoyments, of obedient appetite, of well- 
regulated affections, of maturity in knowledge, 
and of calm preparation for immortality. In this 
serene and dignified state, placed as it were on 
the confines of two worlds, the mind of a good 
man reviews what is past with the complacency 
of an approving conscience ; and looks forward, 
with humble confidence in the mercy of God, and 
with devout aspirations towards his eternal and 
ever-increasing favour." 

What is seen in different stages of the same 
life, is still more'exemplified in the lives of diffe- 
rent animals. Animal enjoyments are infinitely 
diversified. The modes of life, to which the orga- 
nisation of different animals respectively deter- 
mines them, are not only of various but of oppo- 
site kinds. Yet each is happy in its own. For 
instance: animals of prey live much alone; animals 
of a milder constitution in society. Yet the her- 
ring, which lives in shoals, and the sheep, which 
lives in flocks, are not more happy in a crowd, or 
more contented amongst their companions, than 
is the pike, or the lion, with the deep solitudes of 
the pool, or the forest. 

* Fathex's Instructions j by Dr. Percival, of Manchester, p. 31 7. 
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But k nill be saicU tkat the inatanees whkk v» 
have liere bcought forward^ whether of vivacity mt 
Impose, or of apparent enjoyment derived from 
either, are picked and &vonraUe inatanc^es^ We 
answer, first, that they are instances, nevertheless^ 
which comprise large provinces of sensitive exki- 
ence ; that every case which vre have described 
is the ease of millions. At this moment, in every 
given moment of time, how many myriads of asd- 
mak are eating their food, gratifying ihekt ^^e- 
tites, rumiiutting in their holes, accomplishing 
their wi«^es, pursuing their pleasures^ taking 
their pastimes! In each individual, how mai^ 
things must go right for it to be at ease; yet how 
large a proportion out of every species is so in 
every assignaUe instant ! Secondly, we contend),, 
in the terms of our original proposition, that 
throughout the whole of life, as it is diffused in 
nature, and as &r as we are acquainted wiih it». 
looking to the average of sensations, the plurality 
and the preponderancy is in favour of happinesa 
by a vast excess. In our own species, in which 
perhaps the assertion may be more questionabler 
than any other, the prepcdleney of good over evil» 
oi health, for example, and ease, ovor pain and 
distress, is evinced by the very notice which cala- 
mities excite. What inquiries does the sicknesa 
of oiur friends produce ! what conversation their 
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nitfortimts ! This i^ws that the common cotyrse 
of iMngs is in favour of happiness ; that haj^i- 
iic»s is the rale, misery^ the exception. Were the 
Older reversed, cmr attention would be called to 
examples of health and competency, instead of 
dkease and want. 

Ose great cause of our insensibility to the good- 
Bess of the Creator, k the very extenHveness of his 
bounty. We prize but little what we share only 
in common witfi the rest, or with the generality (rf* 
onr species. When we hear of blessings, we think 
forthwith of successes, of prospero^ fortunes, of 
honours, riches, preferments, i. e, at those advan- 
tages and superiorities over others, whrch we hap- 
pen either to possess, or to be in pursuit of, or to 
covet. The commcHi benefits of our nature en- 
tirely escape us. Yet these are the great things. 
TRiese constitute what most properly ought to be 
accounted blessings of Providence ; what alone, 
if we might so speak, are worthy of its caore. 
Nightly rest and daily bread, the ordinary use of 
our limbs, and senses, and understandings, are 
gifts which admit of no comparison with any 
otiber. Yet because almost every man we meet 
with possesses these, we leave them out of oar 
enumeration. They raise no sentiment; they 
move no gratitude. Now, herein is our judg- 
ment perverted by our selfislmess. A blessing 
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ought in truth to be the more satisfactory^ the 
bounty at least of the donor is rendered more 
conspicuous^ by its very diffusion^ its commonness^ 
its cheapness : by its falling to the lot, and form- 
ing the happiness, of the great bulk and body of 
our species, as well as of ourselves. Nay, even 
when we do not possess it, it ought to be matter 
of thankfidness that others do. But we have a 
different way of thinking. We court distinction. 
That is not the worst : we see nothing but what 
has distinction to recommend it. This neces- 
sarily contracts our views of the Creator's benefi- 
cence within a narrow compass ; and most un- 
justly. It is in those things which are so common 
as to be no distinction, that the amplitude of the 
Divine benignity is perceived. 

But pain, no doubt, and privations exist, in 
numerous instances, and to a great degree, which 
collectively would be very great, if they were 
compared with any other thing than with the 
mass of animal fruition. For the application, 
therefore, of our proposition to that mixed state 
of things which these exceptions induce, two rules 
are necessary, and both, I think, just and fair 
rules. One is, that we regard those effects alone 
which are accompanied with proofs of intention : 
The other, that when we cannot resolve all ap- 
pearances into benevolence of design, we make 
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the few give place to the many ; the little to the 
great; that we take our judgment from a large 
and decided preponderancy, if there be one.*'^ 
I crave leave to transcribe into this place what 



^ This passage, with others which afterwairds occur in 
this work, as well as the part here quoted from the 
author's Moral Philosophy, has heen, it should seem, 
somewhat misunderstood by several excellent authors, 
who have treated him as if he were denying the existence 
of evil ; and have referred, though without any scepticfiil 
view, to the old dilemma of the Epicureans, stated by 
Lactantius : — " Aut vult, et non potest ; aut potest et 
non vult tollere mala." But Dr. Paley's whole discourse 
upon this subject must be taken as an attempt, and a 
successful one, to diminish the apparent amount of evil, 
by showing that many of the things accounted evils are 
less bad than they seem to be. He explains the deduc- 
tions which are fairly to be made ; he shows the com- 
pensations which exist ; he proves that out of evil good 
frequently arises. Having done this, evil still remains, 
but in an amount exceedingly reduced ; and this remain- 
ing portion is that concerning which alone the question 
arises. AH that follows of the text must be read with 
this view ; and it must be admitted that nothing can be 
more legitimate than the scope of the reasoning em- 
ployed if regarded in this light. Viewed in any other, it 
would be Hable to the objections which have been urged 
against it. 

VOL. II. G 
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I have said upon this subject in my Moral Philo- 
sophy :— 

'' When God created the human species, either 
he wished their happiness, or he wished their mi- 
sery, or he was indifferent and unconcerned about 
either. 

** If he had wished our misery, he might have 
made sure of his purpose, by forming our senses 
to be so many sores and pains to us, as they are 
now instruments of gratification and enjoyment ; 
or by placing us amidst objects so ill suited to 
our perceptions, as to have continually offended 
us, instead of ministering to our refreshment and 
delight. He might have made, for example, 
every thing we tasted, bitter ; every thing we 
saw, loathsome ; ev«ry thing we touched* a sting ; 
every smell, a stench; and every somid, a discord. 

'^ If he had been indifferent about our happi- 
ness or misery, we must impute to our good for- 
tune (as all design by this supposition is excluded) 
both the capacity ^of our senses to receive plea- 
sure, and the supply of external objects fitted to 
produce it. 

"But either of these, and still more both of 
them, being too much to be attributed to acci- 
dent, nothing remains but the first supposition, 
that God, when he created the human species^ 
wished their happiness ; and made for them the. 
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provision which he has made> with that view and 
for that purpose. 

" The same argument may be proposed in dif- 
ferent terms; thus: Contrivance proves design; 
and the predominant tendency of the contrivance 
indicates the disposition of the designer. The 
world abounds with contrivances; and all the 
^ntrivances which we are acquainted with are 
directed to baieficial purposes. Evil^ no doubt, 
exists; but is never, that we can perceive, the 
object of contrivance. Teeth are ccmtrived to eat, 
not to ache; their aching now and then is inci- 
dental to the contrivance, perhaps inseparable 
from it : or even, if you will, let it be called a 
defect in the contrivance ; but it is not the object 
of it. . This is a distinction which well deserves to 
be attended to. In describing implements of 
husbandry, you would hardly say of the sickle, 
fiiat it is made to cut the reaper's hand : though 
from the construction of the instrument, and the 
manner of using it, this mischief often follows. 
But if you had occasion to describe instruments 
of torture, or execution, — this «igine, you would 
say, is to extend the sinews ; this to dislocate the 
joints; this to break the bones; this to scorch the 
soles of the feet Here, pain and misery are the 
very olgects of the contrivance. Now, nothing of 
this sort is to be found in the wcwrks of nature. 

q2 
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We never discover a train of contrivance to bring 
about an evil purpose. No anatomist ever disco- 
vered a system of organisation calculated to pro- 
duce pain and disease; or> in explaining the parts 
of the human body, ever said, this is to irritate ; 
this to inflame; this duct is to convey the gravel 
to the kidneys ; this gland to secrete the humour 
which forms the gout : if by chance he come at a 
part of which he knows not the use, the most he 
can say is, that it is useless; no one ever suspects 
that it is put there to incommode, to annoy, or to 
torment." 

The TWO CASES which appear to me to have the 
most difficulty in them, as forming the most of 
the appearance of exception to the representation 
here given*, are those of venomous animals, and of 
animals jpreymgr upon one another. These proper- 
ties of animals, wherever they are found, must, I 
think, be referred to design; because there is in all 
cases of the first, and in most cases of the second, 
an express and distinct organisation provided.for 
the producing of them. Under the first head, the 
fangs of vipers, the stings of wasps and scorpions, 
are as clearly intended for their ^purpose, as any 
animal structure is for any purpoise the most in- 
contestably beneficial. And the same thing must, 
under the second head, be acknowledged of the 
talons and beaks of birds, of the tusks, teeth and 
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claws of beasts of prey ; of the shark*s moiith, of 
the spider's web, and of numberless weapons of 
oflFence belonging to different tribes of voracious 
insects. We cannot, therefore, avoid the difficulty 
by saying, that the effect was not intended. The 
only question open to us is, whether it be ulti- 
mately evil. From the confessed and felt imper^ 
fection of our knowledge, we ought to presume, 
that there may be consequences of this oeconomy 
which are hidden from us : from the benevolence 
which pervades the general designs of nature, we 
ought also to presume, that these consequences, if 
they could enter into our calculation, would turn 
the balance on the favourable side. Both these I 
contend to be reasonable presumptions. Not rea- 
sonable presumptions, if these two cases were the 
only cases which nature presented to our observa- 
tion; but reasonable presumptions under the re- 
flectioui that the cases in question are combined 
with a multitude of intentions, all proceeding from 
the same author, and all, except these, directed to 
ends of undisputed utility. Of the vindications, 
however, of this oeconomy, which we are able to 
assign, such as most extenuate the difficulty are 
the following. 

With respect to venomous bites and stings, it 
may be observed, — 

1. That, the animal itself being regarded, the 
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faculty complained of is good; being conducive^ 
in all case8> to the defence of the animal; in some 
cases^ to the subduing of its prey; and in some, 
probably, to the killing of it, when caught, by a 
mortal woimd, inflicted in the passage to the 
stomach, which may be no less merciM to the 
victim, than salutaiy to the devourer. In the 
viper, for instance, the poisonous fang may do 
that which, in other animals of prey, is done by 
the crush of the teeth. Frogs and mice might be 
swallowed alive without it. 

2. But it will be said, that this provision, when 
it comes to the case of bites, deadly even to hu- 
mim bodies, and to those of large quadrupeds, is 
greatly overdone; that it might have fulfilled its 
use, and yet have been much less deleterious than 
it is. Now I believe the case of bites which pro- 
duce death in large animals (of stings I think 
ihere sire none) to be very few. The experiments 
of the Abb^ Fontana, which were numerous, go 
strongly to the proof of this point. He found 
that it required the action of five exasperated 
vipers to kill a dog of a moderate size ; but that 
to the killing of a mouse, or a firog, a single bite 
was suflScient; which agrees with the use which 
we assign to the faculty. The Abb6 seemed to 
be of opinion, that the bite even of the rattle- 
snake would not usually be mortal ; allowing. 
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however^ that in certain particulariy unfortunate 
cases, as when the puncture had touched some 
very tender part, pricked a principal nerve, for in- 
stance, or, as it is said, some more considerable 
lymphatic vessel, death might speedily ensue. 

3. It has been> I think, very justly remarked, 
concerning serpents, that, whilst only a few species 
possess the venomous property, that property 
guards the whole tribe. The most innocuous 
snake is avoided with as much care as a viper. 
Now the terror with which large animals regard 
this class of reptiles is its protection; and this 
terror is founded on the formidable revenge, which 
a few of the number, compared with the whole, 
are capable of taking. The species of serpents, 
described by linnseus, amount to two hundred 
and eighteen, of which thirty-two only are poi- 
sonous. 

4. It seems to me, that animal constitutions 
are provided, not only for each element, but fiw 
each state of the elements, i, e. for every climate, 
and for every temperature ; and that part of the 
mischief complained of arises from animals (the 
human animal most especially) occupying situa^ 
tions upon the earth which do not belong to them, 
nor were ever intended for their habitation. The 
folly and wickedness of mankind, and necessities 
proceeding from these causes, have driven multi- 
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tudes of the species to seek a refuge amongst 
burning sands^ whilst countries, blessed mih hos- 
pitable skies, and with the most fertile soils, remain 
almost without a human tenant. We invade 
the territories of wild beasts and venomous rep- 
tiles, and then complain that we are infested by 
their bites and stings. Some accounts of Africa 
place this observation in a strong point of view. 
" The deserts," says Adanson, " are entirely bar- 
ren, except where they are found to produce ser- 
pents ; and in such quantities, that some exten- 
sive plains are almost entirely covered with them." 
These are the natures appropriated to the situa- 
tion. Let them enjoy their existence ; let them 
have their country. Surface enough will be left 
to man, though his numbers were increased a 
hundred-fold, and left to him, where he might 
live exempt from these annoyances. 

The SECOND CASE, viz, that of animals devouring 
one another, furnishes a consideration of much 
larger extent. To judge whether, as a general 
provision, this can be deemed an evil, even so far 
as we understand its consequences, which, pro- 
bably, is a partial understanding, the following 
reflections are fit to be attended to.*® 

^ The subject of apparently conflicting contrivances, 
including conflicting instincts, as well as apparently 
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1. Immortality upon this earth is out of the 
question. Without death there could be no gene- 
ration^ no sexes, no parental relation> i. e. as things 
are constituted, no animal happiness. The par- 
ticular .duration of life, assigned to different ani- 
mals, can form no part of the objection ; because^ 
whatever that duration be, whilst it remains finite 

imperfect contrivances and instincts, will be considered 
at large in the Appendix. The progress of science is 
constantly diminishing the number of such instances, as. 
far as our ignorance of design goes. That some conflict, 
will continue; in other words, that evil to a certain 
amount will, after all deductions, be found to exist, can- 
not be doubted. But that an immense preponderance 
of good exists in every department of nature, both of 
matter and of mind, is so clear, that, arguing as we do 
on every other subject, we have a right to impute the 
perception of any evil at all to our own ignorance ; and 
to conclude that, if we knew the whole system, and could 
extend our comprehension to the entire plan of creation, 
we should no longer believe there was evil at all. Of 
the different hypotheses to which we may have recourse 
for explaining what we are unable legitimately to solve, 
the Probationary State is one, and is the one which ap- 
pears to tally best with the facts. It is hardly necessary 
to add that we are now, as throughout these notes, after 
the example of the author, confining ourselves altogether 
to the intimations received from natural reason and ob- 
servation, unaided by the light of revelation. 

g3 
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luad limited^ it may always be asked, why it is no 
longer. The natural age of different animals 
varies, from a single day to a century of years* 
No account can be given of this ; nor could axty 
be given, whatever other proportion of life had 
obtained amongst them. 

The term then of life in (Afferent animals being 
the same as it is, the question is what mode of 
taking it away is the best even for the animal 
itself. 

Now, according to the established order of 
nature (which we must suppose to prevail, or we 
cannot reason at all upon the subject), the three 
methods by which life is usually put an end to 
.are acute diseases, decay, and violence. The 
simple and natural life of brutes is not often vi* 
sited by acute distempers ; nor could it be deemed 
an improvement of their lot if they were. Let it 
be considered, therefore, in what a condition of 
suffering and misery a brute animal is placed 
which is left to perish by decay* In human sick- 
mess or infirmity, there is the assistance of man's 
f ational fellow-creatures, if not to alleviate his 
pains, at least to minister to his necessities, and 
to supply the place of his own activity. A brute, 
in his wild and natural state, does every thing for 
himself. When his strength, therefore, or his 
speed, or his limbs, or his senses fail him, he is 
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delivered over^ either to absolute famine or to the 
protracted wretchedness of a life slowly wasted by 
the scarcity of food. Is it then to see the world 
filled with drooping, superannuated, half'Starved^ 
helpless, and unhelped animals that you would 
alter the present system of pursuit and prey ? 

2. Which system is also to them the spring of 
motion and activity on both sides. The pursuit 
of its prey forms the employment, andapp^ars to 
constitute the pleasure, of a considerable part of 
the animal creation. The using of the means 
of defence, or flight, or precaution, forms also the 
business of another part. And even of tliis latter 
tribe, we have no reason to suppose, that thdr 
happiness is much molested by their fears. Their 
danger exists continually; and in some cases they 
seem to be so far sensible of it, as to provide, in 
the best manner they can, against it; but it is 
only when the attack is actually made upon them, 
that they appear to suffer firom it. To contem- 
plate the insecurity of their condition with anxiety 
and dread, requires a degree of reflection, which 
(happily for themselves) they do not possess. A 
hare, notwithstanding the number of its dangers 
and its enemies, is as playful an animal as any 
other. 

3. But, to do justice to the question, the sysi 
tern of animal desiructum ought always to be 
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considered in strict connexion with another pro- 
perty of animal nature, viz. superfecundity. They 
are countervailing qualities. One subsists by the 
correction of the other. In treating, therefore, of 
the subject under this view, (which is, I belie ve^ 
the true one,) our business will be, first, to point 
out the advantages which are gained by the powers 
in nature of a superabundant multiplication ; and 
then to show, that these advantages are so many 
reasons for appointing that system of national 
hostilities, which we are endeavouring to account 
for. 

In almost all cases, nature produces her sup- 
plies with profusion. A single cod-fish spawns 
in one season, a greater number of eggs than all 
the inhabitants of England amount to. A thou- 
sand other instances of prolific generation might 
be stated, which, though not equal to this, would 
carry on the increase of the species 'svith a ra- 
pidity which outruns calculation, and to an im- 
measurable extent. The advantages of such a 
constitution are two : first, that it tends to keep 
the world always full ; whilst, secondly, it allows 
the proportion between the several species of ani- 
mals to be difierently modified, as different piur- 
poses require, or as different situations may afford 
for them room and food. Where this vast fecun- 
dity meets with a vacancy fitted to receive the 
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species^ there it operates with its whole effect; 
there it pours in its numbers and replenishes the 
waste.' We complain of what we call the exorbi- 
tant multipliciation of some troublesome insects; 
not reflecting, that large portions of nature might 
be left void without it. If the accounts of travel- 
lers may be depended upon, immense tracts of 
forests in North America would be nearly lost to 
sensitive existence, if it were not for gnats, " In 
the thinly inhabited regions of America, in which 
the waters stagnate and the climate is warm, the 
whole air is filled ^yith crowds of these insects." 
Thus it is, that where we looked for solitude and 
death-like silence, we meet with animation, ac- 
tivity, enjoyment ; with a busy, a happy, and a 
peopled world. Again ; hosts of mice are reck- 
oned amongst the plagues of the north-east part 
of Europe ; whereas vast plains in Siberia, as we 
learn from good authority, would be lifeless with- 
out them. Tlie Caspian deserts are converted 
by their presence into crowds of warrens. Be- 
tween the Volga and the Yaik, and in the country 
of Hyrcania, the ground, says Pallas, is in many 
places covered with little hills, raised by the earth 
cast out in forming the burrows. Do we so envy 
these blissful abodes, as to pronounce the fecun- 
dity by which they are supplied with inhabitants 
to be an evil; a subject of complaint, and not of 
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praise ? Further ; by virtue of this saine super- 
fecundity^ what we term destruction beoomes al* 
most instantly the parent of Hfe. What we call 
blights are oftentimes legions of animated beings, 
claiming their portion in the bounty of nature. 
What corrupts the produce of the earth to us> 
prepares it for them. And it is by means of their 
rapid multipUcation, that they take possession of 
their pasture ; a slow propagation would not meet 
the opportunity. 

But in conjunction with the occasional use of 
this fruitftilness, we observe, also, that it allows 
the proportion between the several species of ani- 
mals to be diffOTently modified, as different pur- 
poses of utility may require. When the forests of 
America come to be cleared, and the swamps 
drained, our gnats will give place to other inhabi- 
tants. If the population of Europe should spread 
to the north and the east, the mice will retire 
before the husbandman and the shepherd, and 
yield their station to herds and flocks. In 
what concerns the human species, it may be a 
part of the scheme of Providence, that the earth 
should be inhabited by a shifting, or perhaps a 
circulating population. In this oeconomy, it is 
possible that there may be the following advan- 
tages: When old countries are become exceed- 
ingly corrupt, simpler modes of life, purer morals> 
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and better institutions, may rise up in new onefs; 
whilst firesh soils reward the cultivator with more 
plentiful returns. Thus the different portions of 
the globe come into use in succession as the resi* 
dence of man; and, in his absence, entertain other 
guests, which, by their sudden multiplication, fill 
the chasm. In domesticated animals, we find thd 
effect of their fecundity to be, that we can always 
command numbers ; we can always have as many 
of any particular species as we please, or as we 
can support. Nor do we complain of its excess ; 
it being much more easy to regulate abundance^ 
than to supply scarcity. 

But then this superfecundity, though of great 
occasional use and importance, exceeds the ordi- 
nary capacity of nature to receivfe or support its 
progeny. All superabundance supposes destruc- 
tion, or must destroy itself. Perhaps there is 
no species of terrestrial animals whatever, which 
would not overrun the earth, if it were permitted 
to multiply in perfect safety ; or of fish, which 
would not fill the ocean : at least, if any singlef 
species were left to their natural increase without 
disturbance or restraint, the food of other species 
would be exhausted by their maintenance. It is 
necessary, therefore, that the effects of such pro^ 
lific faculties be curtailed. In conjunction widi 
other checks and limits, all subservient ]to the 
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same purpose, are the thinning which take place 
among animals, by their action upon one another. 
In some instances we ourselves experience, very 
directly, the use of these hostilities. One species 
of insects rids us of another species ; or reduces 
their ranks. A third species, perhaps, keeps the 
second within bounds ; and birds or lizards are a 
fence against the inordinate increase by which 
even these last might infest us. In other, more 
numerous, and possibly more important instances, 
this disposition of things, although less necessary 
or useful to us, and of course less observed by us, 
may be necessary and useful to certain other spe- 
cies ; or even for the preventing of the loss of 
certain species from the universe : a misfortune 
which seems to be studiously guarded against. 
Though there may be the iappearance of failure 
in some of the details of Nature's works, in her 
great pui*poses there never are. Her species 
never fail. The provision which was originally 
made for continuing the replenishment of the 
world has proved itself to be effectual through a 
long succession of ages. 

What further shows, that the system of destruc- 
tion amongst animals holds an express relation 
to the system of fecundity, — that they are parts 
indeed of one compensatory scheme, — is, that in 
each species the fecundity bears a proportion to 
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the smallness of the animal, to the weakness, to 
the shortness of its natural term of life, and to 
the dangers and enemies by which it is sur- 
rounded. An elephant produces but one calf; a 
butterfly lays six hundred eggs. Birds of prey 
seldom produce more than two eggs : the sparrow 
tribe, and the duck tribe, frequently sit upon a 
dozen. In the rivers, we meet with a thousand 
minnows for one pike; in the sea, a million of 
herrings for a single shark. Compensation obtains 
throughout. Defencelessness and devastation are 
repaired by fecundity. 

We have dwelt the longer on these considera- 
tions, because the subject to which they apply, 
namely that of animals devouring one another, 
forms the chief, if not the only instance, in the 
works of the Deity, of an oeconomy, stamped by 
niarks of design, in which the character of utility 
can be called in question. The case of venomous 
animals is of much inferior consequence to the 
case of prey, and, in some degree, is also included 
under it. To both cases it is probable that many 
more reasons belong, than those of which we are 
in possession. 

Our FIRST PROPOSITION, and that which we have 
hitherto been defending, was, " that, in a vast 
pluraUty of instances, in which contrivance is per- 
ceived, the design of the contrivance is beneficial." 
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Our sEcx>ND PROPOSITION is, ^'that the Deity 
has added pleasure to animal sensations, beyond 
what was necessary for any other purpose, or 
when the purpose, so £eu* as it was necessary^ 
might have been effected by the operation of 
pain."" 

^ This is a most important consideration^ and one 
which cannot be dwelt upon too constantly ; and which 
assuredly will, by the contemplative and well-regulated 
mind, never be dwelt upon without experiencing the 
. most pleasing and salutary influence. It will be further 
illustrated in the Appendix ; but in this place it may be 
right to add, that the induction of facts plainly shows 
the system of the universe to be governed upon the prin- 
ciple of inducement rather than denouncement; of re- 
ward more than of punishment ; and not only are sen- 
tient beings guided by the more kindly process where 
the harsher would have sufficed, but there is more in- 
ducement employed, more pleasure superadded, than is 
even necessary to work the efifect intended. It is as if 
a human lawgiver were to prefer rewarding his subjects 
for obedience, rather than punishing them for contu- 
macy ; and were then to add some bounty beyond what 
had been found quite sufficient to ensure their com- 
pliance. It must be constantly borne in mind, that there 
is not one single act performed by any animal, from man 
to the lowest insect in the scale, in fulfilling the apparent 
ends of its creation, the performance of which might hot 
hare been secured as efifectually by the pressure or by 
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This proposition may be thus explained : The 
capacities^ which^ according to the established 
course of nature^ are necessary to the support or 
preservation of an animal^ however manifestly 
they may be the result of an organisation con* 
trived for the purpose, can only be deemed an act 
or a part of the same will, as that which decreed 
the existence of the animal itself; because, whe- 
ther the creation proceeded from a benevolent or 
a malevolent being, these capacities must have 
been given, if the animal existed at all. Animal 
properties, therefore, which fall under this de- 
scription, do not strictly prove the goodness of 
God ; they may prove the existence of the Deity ; 
they may prove a high degree of power and intel- 
ligence : but they do not prove his goodness ; 
forasmuch as they must have been found in any 
creation which was capable of continuance, al- 
though it is possible to suppose, that such a 
creation might have been produced by a being 
whose views rested upon misery. 

But there is a class of properties, which may 
be said to be superadded from an intention ex- 
pressly directed to happiness; an intention to 

the apprehension of pain, as it now is, in so vast a nmn- 
ber of instances, solicited by the enjoyment or the hope 
of some gratification. 
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give a happy existence distinct from the general 
intention of providing the means of existence ; 
and that is, of capacities for pleasure, in cases 
wherein, so far as the conservation of the indi- 
vidual or of the species is concerned, they were 
not wanted, or wherein the purpose might have 
been secured by the operation of pain. The 
provision which is made of a variety of objects, 
not necessary to life, and ministering only to our 
pleasures ; and the properties given to the neces- 
saries of life themselves, by which they contribute 
to pleasure as well as preservation ; show a further 
design than that of giving existence.* 

A single instance will make all this clear. As- 
suming the necessity of food for the support of 
animal life, it is requisite that the animal be 
provided with organs fitted for the procuring, 
receiving, and digesting of its food. It may also 
be necessary, that the animal be impelled by its 
sensations to exert its organs. But the pain of 
hunger would do all this. Why add pleasure to 
the act of eating ; sweetness and relish to food ? 
why a new and appropriate sense for the percep- 
tion of the pleasure ? Why should the juice of a 

* See this topic considered in Dr. Balguy's Treatise upon the 
Divine Benevolence. This exceUent author first, I think, pro- 
posed it ; and nearly in the terms in which it is here stated. Some 
other observations also under this head are taken from that 
treatise. — Note of the Author, 
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peach, applied to the palate, affect the part so 
differently from what it does when rubbed upon 
the palm of the hand ? This is a constitution 
which, so far as appears to me, can be resolved 
into nothing but the pure benevolence of the 
Creator. Eating is necessary ; but the pleasure 
attending it is not necessary : and that this plea- 
sure depends, not only upon our being in posses- 
sion of the sense of taste, which is different from 
every other, but upon a particular state of the 
organ in which it resides, a felicitous adaptation 
of the organ to the object, will be confessed by 
any one, who may happen to have experienced 
that vitiation of taste which frequently occurs 
in fevers, when every taste is irregular, and every 
one bad. 

In mentioning the gratifications of the palate, 
it may be said that we have made choice of a 
trifling example.®® I am not of that opinion. 

** Neither this nor any other thing which our nature, 
physical or moral, is formed to relish, can be deemed 
trifling ; and it is well observed afterwards that the very 
capacity of being pleased with what, by comparison with 
.other things, are termed trivial matters, is itself a source 
of enjoyment provided for us by the divine beneficence. 
All men have within themselves the power of being 
amused or occupied, and interested — that is pleased, gra- 
tified—with things which, until they make the attempt. 
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They afford a share of enjoyment to man ; but to 
brutes^ I believe that they are of very great im- 

ihey are disposed to regard as wholly incapable of afford- 
ing any satisfaction. This is a most important source of 
enjoyment, and one more independent of external cir^ 
cumstances than they could believe who have never 
made the experiment. " Le goAt (says Marmontel, M^m. 
I, 431) s*accommode aux objets dont il peut jouir; et 
cette sage maxime, 

Quand on n*a pas ce que Ton aime, 

II faut aimer ce que Ton a, 
est en effet non seulement une le^on de la nature, mais 
xm moyen qu'elle se manage pour nous procurer des 
pUitirs.'' The earher and by far the most interesting 
part of hit book abounds in illustrations of a Idndred truth 
— the gratification derived from the humblest sources by 
those who have known none other. " Nos galettes de 
sarrazin, humectc^es, toutes br^Llantes, de ce bon beurre 
du Mont-d'or, (^taient pour nos le plus friaud rt^gal. Je 
ne sais pas quel mets nous eiit paru meilleur que nos 
raves et nos chlltaignes ; et en hiver, lorsque ces belles 
raves grillaient le soir k Pentour du foyer, ou que nous 
entendions bouillonner Peau du vase oil cuisaient cei 
ch&taignes si savoureuses et si douces, le coeur nous pal* 
pitait de joie." — (lb. p. 9.) " Quand j'arrivais chez 
moi, et que, dans un bon lit ou an coin d'un bpn feu, 
je me sentais tout ranim^ c'^tait pour moi Pun des 
moments les plus d^Hicieux de la vie ; jouissance que la 
zaollesse ne m'aurait jamais £slt connaitre.'' — (lb. 34.) 
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portance* A horse at liberty passes a great part 
of his waking hours in eating. To the ox, the 
sheep, the deer, and other ruminating animals, 
the pleasure is doubled. Their whole time al- 
most is divided between browsing upon their pas- 
ture and chewing their cud. Whatever the plea- 
sure be, it is spread over a large portion of their 
existence. If there be animals, such as the lu- 
pous fish, which swallow their prey whole, and at 
once, without any time, as it should seem, for 
either drawing out, or relishing, the taste in the 
mouth, is it an improbable conjecture, that the 
seat of taste with them is in the stomach ; or, at 
least, that a sense of pleasure, whether it be taste 
or not, accompanies the dissolution of th^ food in 
that receptacle, which dissolution in general is 
carried on very slowly ? If this opinion be right, 
they are more than repaid for the defect of palate. 
The feast lasts as long as the digestion. 

In seeking for argument, we need not stay to 
insist upon the comparative importance of our 
example; for the observation holds equally of all, 
or of three at least, of the other senses. The 
necessary purposes of hearing might have been 
answered without harmony; of smell, without fra- 
grance ; of vision, without beauty. Now, *'if the 
Deity had been indifferent about our happiness 
or misery, we must impute to our good fortune 
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(as all design by this supposition is excluded), 
both the capacity of our senses to receive pleasure^ 
and the supply of external objects fitted to ex- 
cite it." I allege these as two felicities, for they 
are different things, yet both necessary : the sense 
being formed, the objects, which were applied to 
it, might not have suited it; the objects being 
fixed, the sense might not have agreed with them. 
A coincidence is here required, which no accident 
can account for. There are three possible sup- 
positions upon the subject, and no more. The 
first ; that the sense, by its original constitution, 
was made to suit the object : The second ; • that 
the object, by its original constitution, was mado 
to suit the sense : The third ; that the sense is so 
constituted, as to be able, either universally, or 
within certain limits, by habit and familiarity, to 
render every object pleasant. Whichever of these 
suppositions we adopt, the eflFect evinces, on the 
part of the Author of nature, a studious benevo- 
lence. If the pleasures which we derive from any 
of our senses depend upon an original congruity 
between the sense and the properties perceived 
by it, we know by experience that the adjustment 
demanded, with respect to the qualities which 
were conferred . upon the objects that surround 
us, not only choice and selection, out of a bound- 
less variety of possible qualities with which these 
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objects might have been endued, but a propor- 
tioning also of degree, because an excess or defect 
of intensity spoils the perception, as much almost 
as an en-or in the kind and nature of the quality. 
Likewise the degree of dulness or acuteness in 
the sense itself is no arbitrary thing, but, in 
order to preserve the congruity here spoken of, 
requires to be in an exact or near correspondency 
with the strength of the impression. The dulness 
of the senses forms the complaint of old age. 
Persons in fevers, and, I beUeve, in most maniacal 
cases, experience gi'eat torment from their pre- 
ternatural acuteness. An increased, no less than 
an impaired sensibility, induces a state of disease 
and sufiFering. 

The doctrine of a specific congruity between 
animal senses and their objects is strongly fa^ 
voured by what is observed of insects in the elec- 
tion of their food. Some of these will feed upon 
one kind of plant or animal, and upon no other : 
some caterpillars upon the cabbage alone ; some 
upon the black currant alone. The species of 
caterpillar which eats the vine will starve upon 
the alder ; nor will that which we find upon 
fennel touch the rose-bush. Some insects confine 
themselves to two or three kinds of plants or 
animals. Some again show so strong a prefer- 
ence as to afford reason to believe that, though 

VOL. II. H 
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Aey may be driven by hunger to others, they are 
led by the pl^isure of taste to a few particular 
plants alone ; and all this, as it should seem, in* 
dependently of habitr or imitation. 

But should we accept the third hypothesis, and 
even carry it so £etr as to ascribe every thing 
which concerns the question to habit (as in cer* 
tain species, ihe human species most particuls^ly, 
there is reason to attribute something), we have 
then before us an animal capacity, not less pe]> 
haps to be admired than the native congruities 
which the other scheme adopts. It canilot be 
shown to result from any fixed necessity in nature, 
that what is frequently applied to the senses 
should of course become agreeable to them. It 
is, so far as it subsists* a power of accommodation 
provided in these senses by the Author of their 
structure, and forms a part of their perfection. 

In whichever way we regard the senses, they 
appear to be specific gifts, ministering, not only 
to preservation, but to pleasure. But what we 
usually call the senses, are probably themselves 
far from being the only vehicles of enjoyment, or 
the whole of our constitution which is calculated 
for the same purpose. We have many internal 
sensations of the most agreeable land, hardly re- 
ferable to any of the five senses. Some physio- 
logists have holden that all secretion is pleasur- 
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shle ; and that the complacencj whieh in healthy 
mthout any external, assignable object to excite 
it, we derive from life itself, is the effect of our 
secretions going on well within us. All this may 
be true ; but if true; what reason can be assigned 
for it, except the will of the Creator ? It may 
reasonably be asked. Why is any thing a pleasure ? 
and I kiow no answer which can be returned to 
the question, but that which refers it to appoint? 
ment. 

We can give no account whatever, of our plear 
sures in the simple and original perception ; and, 
even when physical sensations are assumed, we 
oan seldom account for them in the secondary 
imd complicated shapes in which they take the 
name of diversions. I never yet- met with a 
sportsman, who could tell me in what the sport 
consisted ; who cauld resolve it into its principle, 
and state that principle. I have been a great 
follower of fishing myself, and in its cJieerful so- 
litude have passed some of the happiest hours of 
a sujEciently happy life; but, to this moment, I 
could never trace out the source of the pleasure 
which it afforded me. 

The " quantum in rebus inane ! " whether ap-* 
plied to- our amusements or to our graver pur- 
suits, (to which, in truth, it sometimes equally 
belongs,) is always an unjust complaint. If trifles 

h2 
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engage, and if trifles make us happy, the true re- 
flection suggested by the experiment is upon the 
tendency of nature to gratification and enjoy- 
ment ; which is, in other words, the goodness of 
its Author towards his sensitive creation. 

Bational natures also, as such, exhibit qualities 
which he\p to confirm the truth of our position. 
The degree of understanding found in mankind 
is usually much greater than what is necessary for 
mere preservation. The pleasure of choosing for 
themselves, and of prosecuting the object of their 
choice, should seem to be an original source of 
enjoyment. The pleasures received from things, 
great, beautiful, or new, from imitation, or from 
the liberal arts, are, in some measure, not only 
superadded, but unmixed, gratifications, having 
no pains to balance them.* 

I do not know whether our attachment to pro- 
perty be not something more than the mere dictate 
of reason, or even than the mere effect of associa- 
tion. Property communicates a charm to what- 
ever is the object of it. It is the first of our 
abstract ideas; it cleaves to us the closest and 
the longest. It endears to the child its plaything, 
to the peasant his cottage, to the landholder his 
estate. It supplies the place of prospect and 
scenery. Instead of coveting the beauty of dis- 
* Balguy on the Divine Benevolence, 
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tant situations, it teaches every man to find it in 
his own. It gives boldness and grandeur to plains 
and fens, tinge and colouring to clays and fallows. 

All these considerations come in aid of our 
second proposition. The reader will now bear in 
mind what our two propositions were. They 
were, firstly, that in a vast pluraUty of instances 
ill which contrivance is perceived, the design of 
the contrivance is beneficial : secondly, that the 
Deity has added pleasure to animal sensations 
beyond what was necessary for any other purpose ; 
or when the purpose, so far as it was necessary, 
might have been effected by the operation of pain. 

Whilst these propositions can be maintained, 
we are authorised to ascribe to the Deity the cha- 
racter of benevolence; and what is benevolence 
at all, must in him be infinite benevolence, by 
reason of the infinite, that is to say, the incalcu- 
lably great, number of objects upon which it is 
exercised. 



Of the ORIGIN OF EVIL no universal solution 
has been discovered ; I mean, no solution which 
reaches to all cases of complaint. The most com^ 
prehensive is that which arises from the consider- 
ation of general rules. ^^ We may, I think, without 

•* These observations on General Laws, and those 
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much difficulty, be brought to admit the four fol- 
lowing points : first, that important advantages 
may accrue to the universe from the order of 
nature proceeding according to general laws : se- 
condly, that general laws, however well set and 
constituted, often thwart and cross one another : 
thirdly, that from these thwartings and crossings, 
frequent particular inconveniences will arise : and, 
fourthly, that it agrees with our observation to 
suppose, that some degree of these inconveniences 

which follow upon the doctrine of Imperfections, have 
been misunderstood, in the same way with the former re- 
marks, referred to in the second note upon this chapter ; 
but it must be allowed that the expressions here used 
respecting General Laws are somewhat incautious, and 
more liable to cavil. Nevertheless, the whole «copfe of 
the argument which follows plainly shows that our author 
never thought of solving the difficulty as to evil by re- 
sorting to the existence of laws, which are themselves 
only the modes of acting pursued by the Deity himself. 
In truth this portion of his argument is, like that on 
which we formerly eonamented, only to be consideised as 
stating a deduction to be made from the total amount^of 
evil; in other wordf, the reasoning is only a reduction 
of the apparent quantity to- the real. Anything beyond 
this would really be recurring to the ancient doctrine 
of the heathens, whose gods were hmited in power and 
controlled by fate. 
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takes place in the work^ of nature. These points 
may be allowed ; and it may also be asserted, 
that the general laws with which we are ac- 
quainted are directed to beneficial ends. On the 
other hand^ with many of these laws we are not 
acquainted at all^ or we are totally unable to trace 
them in their branches, and in their operation; 
the effect of which ignorance is, that they cannot 
be of importance to us as measiures by which to 
regulate our conduct. The conservation of them 
may be of importance in other respects, or to 
other beings, but we are uninformed of their 
value or use ; uninformed consequently, when, 
and how far, they may or may not be suspended,t 
or their effects turned aside, by a presiding and 
benevolent will, without incurring greater evils 
than those which would be avoided. The con- 
sideration, therefore, of general laws, although it 
may concern the question of the origin of evil 
¥OTy nearly (which I think it does), rests in views 
disproportionate to our faculties, and in a know- 
ledge which we do not .possess. It serves rather 
to account for the obscurity of the subject, than 
to supply us with distinct answers to our diflSicul- 
ties. However, whilst we assent to the above- 
stated propositions, as principles, whatever uncer- 
tainty we may find in the application, we lay a 
^ound for believing, that cases of s^pparent^evil. 
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fiSr which we can suggest no particular reason^ are 
governed by reasons^ which are more general, 
which lie deeper in the order of second causes, 
and which on that account are removed to a 
greater distance from us. 

The doctrine of imperfections, or, as it is called, 
of evils of imperfection, furnishes an account, 
founded, like the former, in views of universal 
nature*. The doctrine is briefly this : — It is pro- 
bable, that creation may be better replenished by 
sensitive beings of different sorts, than by sensi- 
tive beings all of one sort. It is Ukewise pro- 
bable, that it may be better replenished by diffe- 
rent orders of beings rising one above another in 
gradation, than by beings possessed of equal 
degrees of perfection. Now, a gradation of such 
beings implies a gradation of imperfections. No 
class can justly complain of the imperfections 
which belong to its place in the scale, unless it 
were allowable for it to complain, that a scale 
of being was appointed in nature ; for which ap- 
pointment there appear to be reasons of wisdom 
and goodness. 

In like manner finiteness, or what is resolvable 
into finiteness, in inanimate subjects, can nerv'er 
be a just subject of complaint ; because if it were 
ever so, it would be always so ; we mean, that 
we can never reasonably demand that things 
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should be larger or more, when the same de- 
mand might be made^ whatever the quantity or 
number was. 

And to me it seems that the sense of mankind 
has so far acquiesced in these reasons^ as that we 
seldom complain of evils of this class, when we 
clearly perceive them to be such. What 1 have 
to add/ therefore, is, that we ought not to com- 
plain of some other evils, which stand upon the 
same foot of vindication as evils of confessed im- 
perfection. We never complain, that the globe 
of our earth is too small : nor should we complain> 
if it were even much smaller. But where is the 
difference to us, between a less globe, and part of 
the present being uninhabitable? The inhabit 
tants of an island may b^ apt enough to murmur 
at the sterility of some parts of it, against its 
rbcks, or sands, or swamps: but no one thinks 
himself authorised to murmur, simply because the 
island is not larger than it is. Yet these are the. 
8a!me griefs. 

The above are the two metaphysical answers' 
which have been given to this great question. 
They arc not the worse for being metaphysical^ 
provided they be founded (which I think they 
are) in right reasoning : but they are of a nature 
too wide to be brought under our survey, and it 
is often difficult to a{^ly them in the detail. Our 

h3 
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speculations^ therefore, «te peiimps belter em* 
ployed when th^ confine themselves within % 
narrower circle. 

The observations which follow areof this more 
limited, but more determinate, kind. 

Of bodih/ pain, the principal observation, v» 
doubt, is that which we have already made, and 
already dwelt upon, viz. "that it is seldom the 
object of contrivance ; that when it is so, the con- 
trivance rests ultimately in good." 

To which, however, may be added, that the an- 
nexing of pain to the means of destruction k 
a salutary provision ; inasmuch as it teaches vigi- 
lance and caution ; both gives notice of danger, 
and excites those endeavours which may be ne- 
cessary to preservation. The evil consequence, 
which sometimes arises from the want of 'that 
timely intimation of danger i^hich pain gives, k 
knovm to the inhabitants of cold countries by the 
example c^ frost-bitten limbs. I have conversed 
with patients who had lost toes and fingers by 
this cause. They have in general told me, that 
they were totally unconscious of any local uneasi- 
ness at ;the time. Some I have heard declare, 
Aat, whikt -they were about their employment^ 
neither their situation, nor the state of the air, 
was -unpleasMit. They felt no pain ; they sibi- 
pected-no misdiief; till, by the application itf 
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^rannth, tkey discaveied^ too late, the fatal injmy 
nwhich Bome of their extremities had soffered. I 
vay that this shows the use of pain, and that m% 
stand in need of saoh a monitor. I beUeve also 
that the use extends farther than we soppose, cor 
€an now trace; that to disagreeable sensatiom 
we, and all .animals, owe, or have owed, moi^ 
habits of action which 4ire salutary, but which are 
become so familiar, as .not easily to be refisrred'to 
their origin. 

^'JPain also itself is not without its aUeviaiions^ 
It may be violent jmd &equent ; but it is seldom 
both violent and long^continued : and its pauses 
and intermissions become .positive pleasures. It 
has the ;power of shedding a satis&cticm over in- 
tervals of ease, which, I believe, &w enjoyments 
exceed. Aiman resting from a £t of the stone or 
gout, is, for the time, in possession of feelings 
which undisturbed health cannot impavt Thegf 
•■■■ 

•* This chapter, we are told by Dr. Feuwick in his 
sketch of Dr. Clark's life, " was written when Dr. Paley 
was suffering under severe attacks of a painful disorder 
under which he had long laboured, and which afterwards 
proved fiatal." Dr. Fenwick justly remarks upon the 
additional interest which this circumstanoe commmii- 
eates to the author's remarks upon the intermptions of 
pain.—Meadly's Memoirs of Paley, p. 204. 
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may be dearly bought^ but still they are to be set 
against the price. And^ indeed^ it depends upon 
the duration and urgency of the pain, whether 
they be dearly bought or not. I am far from 
being sure, that a man is not a gainer by suf- 
fering a moderate interruption of bodily ease for 
a couple of hours out of the four-and-twenty. 
Two very common observations favour this opir 
nion: one is, that remissions of pain call forth, 
from those who experience them, stronger ex- 
pressions of satisfaction .and of gratitude towards 
both the author and the instruments of their 
relief, than are excited by advantages of any 
other kind : the second is, that the spirits of sick 
men do not sink in proportion to the acutencss of 
their sufferings ; but rather appear to be roused 
and supported, not by pain, but by the high de- 
gree of comfort which they derive from its cessa- 
tion, or even its subsidcncy, whenever that occurs; 
and which they taste with a relish, that diffuses 
some portion of mental complacency over the 
whole of that mixed state of sensations in which 
disease has placed them. 

In connexion with bodily pain may be consi- 
dered bodily disease, whether painfril or not. Few 
diseases are fatal. I have before me the account 
of a dispensary in the neighbourhood, which states 
six years' experience as follows : — 
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Admitted . * * . 6,420 

Cured • * * • . 5,416 
Dead . . . . - 234 

And this I suppose nearly to agree with what 
other similar institutions exhibit. Now, in all 
these cases, some disorder must have been felt, or 
the patients would not have applied for a remedy ; 
yet we see how large a proportion of the maladies 
which were brought forward have either yielded 
to proper treatment, or, what is more probable, 
ceased of their own accord. We owe these fi'e- 
quent recoveries, and, where recovery does not 
take place, this patience of the human constitu- 
tion under many of the distempers by which it is 
visited, to two benefactions of our nature. One 
is, that she works within certain limits; allowd 
of a certain latitude within which health may bd 
preserved, and within the confines of which it 
only suffers a graduated diminution. Different 
quantities of food, different degrees of exercise, 
different portions of sleep, different states of the 
atmosphere, are compatible with the possession 
of health. So likewise it is with the secretion^ 
and excretions, with many internal ftmctions of 
the body, and with the state, probably, of most of 
its internal organs. They may vary consid^ably, 
not only without destroying life, but without occa-^ 
sioning any high degree of inconveniency. The- 
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other property of our nature> to which we ore still 
more beholden^ is its constant endeavour to re- 
store itself^ when disordered, to its regufaur course. 
The fluids of the body Jippear to (posaeasa pow«r 
jsi separating and expelling any ncmous sul>> 
•stance which may have, mixed Uself with them* 
This they do, in eruptive fevers, by ^a kind of 
despumation, as Sydenham calk it, analogous in 
■ome measure to the intestine action by which 
fermenting Uquors work the yest ^o the :SurfiEuie» 
The solids, on thcar part, when their action is ob* 
Btruoted, not only resume that action, a« -soon as 
ihe obstruction is removed, but they struggle wilh 
4he impediment. They t&ke an action as jnear t9 
the true one, as the difficulty and the disorga* 
nisation with which they Jiave to contend will 
allow of. 

Of mortal diseafies, the great use is to reconoile 
us to death. The horror of death proves the 
value of life. But it is in the power of disease to 
abate, or even extinguish, this horror ; which it 
does in a wonderful maimer, and, oftentimes, by 
a mild and imperceptible gradation. Every man 
^o has been placed in a situation to observe 
a, is surprised with the change which has been 
wrought in himself, when he compares the view 
which he entertains of death upon a sick-bed, with 
the heart*sinking dismay .with which Jhe ^ould 
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isome'time ago have met it in health. There is no 
ranilitude between the sensations of a man led 
to execution^ and the calm expiring of a patient 
at the close of his disease. Death to him is only 
the last of a long train of changes ; in his pro- 
gress through which, it is possible that he majr 
iraqperienee no shocks or sudden transitions. 

IMzM itself, as a mode of removal and of suoi^ 
eession, is so connected with the whole order dS 
our animal world, that almost every thing in ihelt 
eWorld must be changed, to be able to do withoift 
it. It may seem likewise impossible to separate 
the fear of death from the enjoyment of life, or 
the perception of that ^fear from ^rational narturoi. 
Brutes are in a great measure delivered from idl 
anxiety on this account by the inferiority of their 
-faculties ; or rather they «eem to be armed with 
the apprehension of death just sufficiently to put 
them upon the means of preservation, and no 
*fiEttther. But woxdd a human being wish to 
purchase this immunity at the expense of those 
-mental powers which enable him to look forward 
to the ftiture ? 

'Death implies separation: and the loss of those 
-whom we love must necessarily, so for as we oah 
conceive, be accompanied with pcdn. To the 
'brute creation, nature seems to have stepped in 
with some secret provision for their relief, under 
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the rupture of their attachments. In their in- 
stincts towards their offspring, and of their off- 
spring to them, I have often been surprised to 
observe how ardently they love, and how soon 
they forget. The pertinacity of human sorrow 
(upon which time also, at length, lays its soften- 
ing hand) is probably, therefore, in some manner 
connected with the qualities of our rational or 
moral nature. One thing however is clear, viz» 
that it is better that we should possess affections, 
the sources of so many virtues, and so many joys, 
although they be exposed to the incidents of life, 
as well as the interruptions of mortality, than, by 
the want of them, be reduced to a state of selfish- 
ness, apathy, and quietism.'* 

Of other external evils (still confining ourselves 
to what are caUcd physical or natural evils), a 
considerable part come within the scope of the 
following observation : — The great principle of 
human satisfaction is engagement. It is a most 
just distinction, which the late Mr. Tucker has 
dwelt upon so largely in his works, between plea- 
sures in which we are passive, and pleasures in 
which we are active. And, I believe, every atten- 
tive observer of human life will assent to his po- 

"• The remarks made in the two former notes (2 and 
31) are applicaUe to this part of the text also. 
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sition, that, however grateful the sensations may 
occasionally be in which we are passive, it is not 
these, but the latter class of our pleasures, which 
constitute satisfaction ; which supply that regular 
stream of moderate and miscellaneous enjoyments, 
in which happiness, as distinguished from volup- 
tuousness, consists. Now for rational occupation, 
which is, in other words, for the very material of 
contented existence, there would be no place left, 
if either the things with which we had to do were 
absolutely impracticable to our endeavours, or if 
they were too obedient to our uses. A world, fur- 
nished with advantages on one side, and beset 
with difficulties, wants, and inconveniences on the 
other, is the proper abode of free, rational, and 
active natures, being the fittest to stimulate and 
exercise their faculties. The very refractoriness 
of the objects they have to deal with, contributes 
to this purpose. A world in which nothing de- 
pended upon ourselves, however it might have 
suited an imaginary race of beings, would not 
have suited mankind. Their skill, prudence, in- 
dustry ; their various arts and their best attain- 
ments, from the application of which they draw, 
if not their highest, their most permanent gratifi- 
cations, would be insignificant, if things could be 
either moulded by our volitions, or, of their own 
accord, conformed themselves to our views and 
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wishes. Now it is in this refractoTiness that we 
discern the seed and principle of physical evil^ as 
£Eur as it arises from that which is external to us. 

CivU evils,** or the evils of civil life, are much 
mcure easily disposed of, than physical evils : be*, 
cause they are, in truth, of much less magnitude, 
and also because they result, by a kind of neces- 
sity, not only from*the constitution of our nature, 
but from a part of that constitution which no one 
woidd wish to see altered. The case is this: 
Mankind will in every country breed up to a cer- 
tain point of distress. That point may be diffe* 
rent in different countries or ages, according to 
the established usages of life in each. It will also 
shift upon the scale, so as to admit of a greater 
or less number of inhabitants, according as the 
quantity of provision, which is either produced in 
the country, or supplied to it from other countries, 

** In aU arguments respecting civil and political evils 
it is important to keep the distinction steadily in view 
between contentment under necessary sufferings, and 
quietism under such as may be avoided by improve- 
ments in our institutions. Contentment, indeed, under 
even the latter, is a virtue as well as a solace, during the 
period required for their safe and legitimate amendment ; 
but this is no exception to the rule which we have 
glanced at ; for the sufferings must be considered nieces* 
sary until their removal can be safely effected. 
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may happen to vary. But there must always he 
such a pointy and the species will always breed 
up to it. The order of generation proceeds by 
something like a geometrical progression. The 
increase of provision, under circumstances even 
the most advantageous, can only assume the 
form of an arithmetic series. Whence it follows 
that the population will always overtake the pro- 
vision, will pass beyond the line of plenty, and 
will continue to increase till checked by the dif- 
ficulty of procuring subsistence.* Such difficulty 
therefore, along with its attendant circumstances, 
must be found in every old country; and these 
circumstances constitute what we call poverty, 
which necessarily imposes labour, servitude, re- 
straint. 

It seems impossible to people a country with 
inhabitants who shall be all easy in circumstances. 
For suppose the thing to be done, there would be 
such marrying and giving in marriage amongst 
them, as would in a few years change the face of 
affairs entirely : i, e. as would increase the con- 
sumption of those articles which supplied the na- 
tural or habitual wants of the country to such a 
degree of scarcity, as must leave the greatest part 
of the inhabitants unable to procure them with- 

* See a statement of this subject in a late treatise upon popu- 
lation. — Note of the Author^ 
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out toilsome endeavours ; or, out of the different 
kinds of these articles, to procure any kind except 
that which was most easily produced. And this, 
in fact, describes the condition of the mass of the 
community in all countries : a condition unavoid- 
ably, as it should seem, resulting from the pro- 
vision which is made in the human, in common 
with all animal constitutions, for the perpetuity 
and multiplication of the species. 

It need not however dishearten any endeavours 
for the public service, to know that population 
naturally treads upon the heels of improvement. 
If the condition of a people be meliorated, the 
consequence will be, either that the mean hap- 
piness will be increased, or a greater number par- 
take of it ; or, which is most likely to happen, 
that both effects will take place together. There 
may be limits fixed by nature to both, but they 
are limits not yet attained, nor even approached, 
in any country of the world. 

And when we speak of limits at all, we have 
respect only to provisions for animal wants. 
There are sources, and means, and auxiliaries, 
and augmentations of human happiness, commu- 
nicable without restriction of numbers ; as capa- 
ble of being possessed by a thousand persons as 
by one. Such are those which flow from a mild, 
contrasted with a tyrannic government, whether 
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civil or domestic; those which spring from reli- 
gion ; those which grow out of a sense of security ; 
those which depend upon habits of virtue, so- 
briety, moderation, order ; those, lastly, which are 
found in the possession of well-directed tastes 
and desires, compared with the dominion of tor- 
menting, pernicious, contradictory, unsatisfied and 
unsatisfiable passions. 

The distinctions of civil life are apt enough to 
be regarded as evils by those who sit under them ; 
but, in my opinion, with very little reason. 

In the first place, the advantages which the 
higher conditions of Ufe are supposed to confer 
bear no proportion in value to the advantages 
which are bestowed by nature. The gifts of 
nature always sui*pass the gifts of fortune. How 
much, for example, is activity better than attend- 
ance ; beauty than dress ; appetite, digestion, and 
tranquil bowels, than all the studies of cookery, 
or than the most costly compilation of forced or 
far-fetched dainties ! 

Nature has a strong tendency to equalisation. 
Habit, the instrument of nature, is a great level- 
ler ; the familiarity which it induces taking oflF 
the edge both of our pleasures and our sufierings. 
Indulgences which are habitual, keep us in ease, 
and cannot be carried much farther. So that 
with respect to the gratifications of which the 
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senses are capable, the differenoe is by no means 
pro{>ortionable to the apparatus. Nay, so far as 
superfluity generates fastidiousness, the difference 
is on the wrong side. 

It is not necessary to contend, that the advan^ 
tages derived from wealth are none (under due 
regulations they are certainly considerable), but 
that they are not greater than they ought to ba 
Money is the sweetener of human toil ; tiie sub- 
stitute for coercion ; the reconciler of labour with 
liberty. It is, moreover, the stimulant of enter* 
prise in all projects and undertakings, as well as 
of diligence in the most beneficial arts and em^ 
ployment&r Now, did affluence, when possessed, 
contribute nothing to happiness, or nothing be- 
yond the mere supply of necessaries, — and the 
secret should come to be discovered, — we might 
be in danger of losing great part of the uses 
whidi are at present derived to us through this 
important medium. Not only would the tran* 
quillity of social life be put in peril by the want of 
a motive to attach men to their private concerns ; 
but the satisfaction which all men receive from 
success in their respective occupations, which col* 
lectively constitutes the great mass of human 
comfort, would be done away in its very principle. 

With respect to station, as it is distinguished 
from riches, whether it confer authority over 
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others^ or be invested with hoBOurs which apply 
solely to sentiment and imagination, the truth is 
that what is gained by rising through the ranks 
of life> is not more than sufficient to draw finrdi 
the exertions of those who are engaged in tiie 
pursuits which lead to advancement^ and which> 
in general^ are such as ought to be encouraged. 
Distinctions of this sort are subjects much more 
of competition than of enjoyment; and in that 
competition their use consists. It is not, as hath 
been rightly observed, by what the Lord Mayor 
feds in his coach, but by what the apprentice feels 
who gazes at^him, that the public is served. 

Aa we approach the summits of human great* 
ness> the comparison of good and evil, with respect 
to personal comfort, becomes still more proble* 
matlcal ; even allowing to ambition all its plea- 
sures. The poet asks, '' What is grandeur, what 
is power?" The philosopher answers, "Con- 
straint and plague : et in maxima qudque fortund 
minimum licere'' One very common error mis- 
leads the opinion of mankind on this head, viz. 
that, universally, authority is pleasant, submis- 
sion painM. In the general course of human 
affairs, the very reverse of this is nearer the truth. 
Command is anxiety, obedience ease. 

Artificial distinctions sometimes promote real 
equality. Whether they be hereditary, or be the 
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homage paid to office, or the respect attached bj 
public opinion to particular professions, they serve 
to confront that grand and unavoidable distinct 
tion which arises from property, and which is 
most overbearing where there is no other. It it 
of the nature of property, not only to bo irregu- 
larly distributed, but to run into large masses. 
Public laws should be so constructed as to favour 
its diffusion as much as they can. But all that 
can be done by laws, consistently with that degree 
of government of his property which ought to be 
left to the subject, will not be sufficient to coun^ 
teract this tendency. There must always, there- 
fore, be the difference between rich and poor; 
and this difference will be the more grinding 
when no pretension is allowed to be set up 
against it. 

So that the evils, if evils they must be called, 
which spring either from the necessary subordi^ 
nations of civil life, or from the distinctions which 
have naturally, though not necessarily, grown up 
in most societies, so long as they are unaccom- 
panied by privileges injurious or oppressive to 
the rest of the community, are such as may, even 
by the most depressed ranks, be endured with 
very little prejudice to their comfort. 

The mischiefs of which mankind are the occa* 
sion to one another, by their private wickednesses 
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and cruelties ; by tyrannical exercises of power-; 
by rebellions against just authority; by wars. 
by national jealousies and competitions operating 
to tbe destruction of third countries ; or by other 
instances of misconduct either in individuals or 
Bocietiei^^ are all to be resolved into the character 
of man as a free agent Free agency^ in its very 
essence^ contains liability to abuse. Yet^ if you 
deprive man of his free agency, you subvert his 
nature. You may have order from him and regu- 
larity, as you may from the tides or the trade- 
winds, but you put an end to his moral character^ 
to virtue, to merit, to accountableness, to the use 
indeed of reason. To which must be added the 
observation, that even the bad qualities of man- 
kind have an origin in their good ones. The 
case is this: Human passions are either neces- 
sary to human welfare, or capable of being made, 
and, in a great majority of instances, in fact made, 
conducive to its happiness. These passions are 
strong and general; and, perhaps, would not 
answer their purpose unless they were so. But 
strength and generality, when it is expedient that 
particular circumstances should be respected, be- 
come, if left to themselves, excess and misdirec- 
tion. From which excess and misdirection, the 
vices of mankind (the causes, no doubt, of much 
misery) appear to spring. This account, whilst 

VOL. II. I 



Digitized 



by Google 



170 NATURAL THEm.OeY. 

iL shows us the prmciple of vice, shows us, at'tl^ 
same iime> the province of reason and of ,sdf- 
Ngovernment ; the want also of every support whic]^ 
can be procured to either from the aids c^ r€h 
ligion ; and it shows this, without having recourse 
•to any native, gratuitous maKgnity in the human 
eonstitution. Mr. Hume, in his posthumous dia- 
logues, asserts, indeed, of idleness, or aversi(»i tp 
labour (which he states to lie at the root of a con- 
siderable part of the evils which mankind suffix), 
that it is simply and merely bad. But how doeys 
he distinguish idleness from the love of ease ? or 
is he sure, that the love of ease in individuals is 
not the chief foundation of social tranquillity? 
It will be {bund, I believe, to be true, that in 
ftvery community there is a large class of i^ 
Members, whose idleness is the best quality aboujt 
them, being the corrective of other bad ones. If 
it ware possible, in every instance, to give a right; 
determination to industry, we could never hav^ 
too much of it. But this is not possible, if mep 
are to be free. And without this> nothing would 
be so dang^ous, as an incessant, universal, inder 
fotigable activity. In the civil world, as well a^s 
HI the material, it is the vis inertias which keeps 
ihings in their places. 
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Natural Tueqloqt has ever been pressed 
with this questioBy — Why, under the regency of 
a si^preme and benevolent WUU should there be 
in the yroxld so much as there is of the appear* 
ance of dmmcef 

The question in its whole compass lies beyond 
our reach: but there are not wanting, as in the 
origin of evil, answers which seem to have const* 
deraUe weight in particular cases, and also to 
embrace a considerable numb^ of cases. 

I. There must be chance in the midst of de- 
si^ : by which we mean, that events which are 
not designed^ necessarily arise from the pursuit 
of events which are designed. One man travel* 
ling to York, meets another man travelling to 
London. Their meeting is by chance, is acci^ 
dental, and so would be caBed and reckoned, 
though the journeys which produced the meeting 
wer^ both of them» undertaken with design and 
from deliberation. The meeting, though acei* 
dental, was nevertheless hypoihetically necessary 
(which is the only sort of necessity that is intel- 
ligible) : for if the two journeys wwre commenced 
at the time, pursued in the direction, and with 
the speed, in which and with which, they were in 
fact begun and performed, the meeting could not 
be avoided. Tl^re was not, therefore, the less 
necessity in it for its being by chance. Again, 

i2 
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the renconnter might be most unfortunate^ though 
the errand, upon which each party set out upoa 
his journey, were the most innocent or the most 
laudable. The by effect may be un&yourable> 
without impeachment of the proper purpose, for 
the sake of which the train, from the operation 
of which these consequences ensued, was put in 
motion. Although no cause act without a good 
purpose, accidental consequences, like these, may 
be either good or bad. 

II. The appearance of chance will always bear 
a proportion to the ignorance of the observer. 
The cast of a die as regularly follows the laws of 
motion, as the going of a watch ; yet, because we 
can trace the operation of those laws through the 
works and movements of the watch, and cannot 
trace them in the shaking or throwing of the die 
(though the laws be the same, and prevail equally 
in both cases), we call the turning up of the num- 
ber of the die, chance, the pointing of the index 
of the watch, machinery, order, or by some name 
which excludes chance. It is the same in those 
events which depend upon the will of a free and 
rational agent. The verdict of a jury, the sen- 
tence of a judge, the resolution of an assembly, 
the issue of a contested election, will have more 
or less the appearance of chance, might be more 
or less the subject of a wager, according as we 
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Vf^te less or more acquainted, with the reasQ^i 
which influenced the deliberation. The difFer^ice 
resides in the information of the observer^ and 
not in the thing itself; which, in all the case« 
proposed, proceeds from intelligence, from mind, 
from counsel, from design/' 

Now when this one cause of the appearance of 
chance, viz. the ignorance of the observer, comes 
to be applied to the operations of the Deity, it is 
easy to foresee how fruitful it must prove of diffi- 
culties and of seeming confusion. It is only to 
think of the Deity, to perceive what variety of 
objects, what distance of time, what extent of 
space and action, his counsels may, or rather must, 
comprehend. Can it be wondered at, that, of the 
purposes which dwell in such a mind as this, so 
small a part should be known to us ? It is only 
liecessary, therefore, to bear in our thought,, that 
in proportion to the inadequateness of our infor- 
mation, will be the quantity in the world of ap- 
parent chance. 

III. In a great variety of cases, and of cases 
comprehending numerous subdivisions, it appears, 
for many reasons, to be better that events rise up 
by chance, or, more properly speaking, with the 

• See note to page 80 of the former volume respecting 
Chance^ This paragraph is wholly free from the inac- 
curacy taken notice of in the former note. 
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•p pontnce of ckance, tlum ttceordnig to any ob* 
•errable role whateTer. This is not sddom tibe 
e«M even in liuman anmngements. Eack person's 
place and precedency, in a public meeting, may 
be determined by lot. Work and labour may be 
allotted. Tasks and biurdens may be allotted : 
' Opcrumqne laborcm 

Partibus aeqnabat justis, mit sorte trabebat. 
Military service and station may be allotted. The 
distribution of provision may be made by lot, as 
it is in a sailor's mess ; in some cases also, the 
distribution of favours may be made by lot. In 
all these cases, it seems to be acknowledged^ 
that there are advantages in permitting events to 
chance superior to those whidi would or could 
lurise from regulation. In all these cases also, 
though events rise up in the way of chance, it is 
by appointment that they do so. 

In other events, and such as are independent 
of human will, the reasons for this preference of 
uncertainty to rule appear to be still stronger^ 
For example : it seems to be expedient that the 
period of human life should be uncertain. Did 
mortality follow any fixed rule, it would produce a 
security in those that were at a distance from it, 
which would lead to the greatest disorders ; and a 
horror in those who approached it, simikar to that 
which a condemned prisoner feels on the night 
before his execution. But, that death be imcer- 
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tHA, tlie yoang must lomeiimes die, as weU vas 
titt <M« Also wore deaths never suddeny they ^ivlio 
$te in health would be too confident of 1^. The 
strong and the active, who want most to be warned 
aoid checked, would live without apprehension or 
restraint. On the other hand, were sudden deaths 
Very frequent, the sense of constant jeopardy 
woidd interfile too much with ihe degree of ease 
and enjoyment intended for us ; and human life 
be too precarious for the business and interests 
which belong to it. There could not be depend- 
ence either upon our own lives, or the lives of 
those with whom we were connected, sufficient 
to carry on the regular offices of human society. 
The manner, therefore, in which death is made to 
occur, conduces to the purposes of admonition, 
idthout overthrowing the necessary stability of 
human affietirs.** 

^ It must never be forgotten that, according to the 
scheme, whether of Natural or of Revealed Religion, the 
doctrine of a Future State removes one branch of the evil 
here treated of, and answers the common sceptical objec- 
tion grounded upon the destruction of one being made the 
means of benefit to another. In the view of religion, the 
person removed by Providence is to be considered as 
suffering no loss whatever, — he is at once taken to a stt- 
ptrior state. The sivrvivors akme are to be considered 
as regards the question of evil. 
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DUeate heing the forerunner of deaths there w 
the same reason for its attacks coming upon i» 
under the appearance of chance, as there is for 
uncertainty in the time of death itself. 

.The seasons are a mixture of regularity and 
chance. They are regular enough to authorise 
expectation, whilst their being, in a considerable 
degree, irregular, induces, on the part of the cul- 
tivators of the soil, a necessity for personal at« 
tendance, for activity, vigilance, precaution. It 
is this necessity which creates farmers; which 
divides the profit of the soil between the owner 
and the occupier ; which by requiring expedients, 
by increasing employment, and by rewarding ex- 
penditure, promotes agricultural arts and agricul- 
tural life, of all modes of life the best, being the 
most conducive to health, to virtue, to enjoyment.- 
I believe it to be found in fact, that where the 
soil is the most fruitful, and the seasons the most 
constant, there the condition of the cultivators of 
the earth is the most depressed. Uncertainty, 
therefore, has its use even to those who sometimes 
complain of it the most. Seasons of scarcity them- 
selves are not without their advantages.*' They 
call forth new exertions; they set contrivance 

•^ See former note upoii the only legitimate applica- 
tion of Buch argiunents. 
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and ingenuity at work: they give birth to im- 
provements in agriculture and oeconomy; they 
promote the investigation and management of 
public resources. 

. Again: there are strong intelligible reasons, 
why there should exist in. human society great 
disparity of wealth and station ; not only as these 
things are acquired in different degrees, but at 
Ihe first setting out of life. In order, for instance, 
to answer the various demands of civil life, there 
ought to be amongst the members of every civil 
society a diversity of education, which can only 
belong to an original diversity of circumstances* 
As this sort of disparity, which ought to take 
place from the beginning of life, must, ex hypo^ 
thesi, be previous to the merit or demerit of the 
persons upon whom it falls, can it be better dis^ 
posed of than by chance ? Parentage is that sort 
of chance : yet it is the commanding circumstance 
which in general fixes each man's place in civil 
life, along with every thing which appertains to 
its distinctions. It may be the result of a bene^^ 
ficial rule, that the fortunes or honours of the 
father devolve upon the son ; and, as it should 
seem, of a still more necessary rule, that the low 
or laborious condition of the parent be communis' 
cated to his family ; but with respect to the suc- 
cessor himself, it is the drawing of a ticket in a 

i3 
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lottery. Inequalities, therefore^ of fortone^ at loBst 
the greatest part of them, viz. those whidi attend 
us from our birth, and depend upon our births 
may be left^ as they are left, to chcmcey without any 
just cause for questioning the regency of a su- 
preme Disposer of erents. 

But not only the donation, when by the neces- 
sity of the case they must be gifts, but even the 
acqmrabdity of civil advantages, ought perhaps, 
in a considerable degree, to lie at the mercy of 
chance. Some would have all the virtuous rich, 
or, at least, removed fi*om the evils of poverty, 
without percdving, I suppose^ the consequence, 
that all the poor must be wicked. And how mj^ 
a society could be kept in subjection to govern- 
ment, has not been shown : for the poor, that is, 
they who seek their subsistence by constant ma- 
nual labour^ must ertiU form the mass of the com- 
munity ; otherwise the necessary labour of life 
could not be carried on ; the work could not be 
done, which the wants of mankind in a state of 
civilization, and still more in a state of refin^nent, 
Require to be done. 

It appears to be also true, that the exigencies 
of social §ife call not only for an original diversi^ 
of external circumstances, but for a mixture of 
different faculties, tastes, and tempers. Activity 
And contemplation, restlessness and quiet, cotffage 
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And timidity, ambition and contentedneis, not to* 
My even indol^xce and dulness, are all wanted itt 
the world, all conduce to the well going on of ha^ 
man affiedrs, juit as the rudder, the sails, and th» 
ballast of a ship, all perform their part in the 
narigation. Now, since these characters require 
for their foundation different original talents, dif- 
ferent dispositions, perhaps also different bodily 
constitutions; and since, likewise, it is apparently 
expedient, that they be promiscuously scattered 
amongst the different classes of society,— can the 
distribution of talents, dispositions, and the con-* 
stitutions upon which they depend, be better made 
than by chance ? 

The oppo9Ues of apparent chance, are constancy 
and sensible interposition ; every degree of secret 
direction being consistent with it. Now of con* 
itancy, or of fixed and known rules, we have seen 
in some cases the inapplicability ; and inconve^ 
niences i^ch we do not see, might attend their 
application in other cases. 

Of sensible interposition, we may be permitted 
lo remark, that a Providence, always and cer- 
tainly distinguishable, would be neither more no|r 
less than miracles rendered frequent and eom^ 
non. It is difficult to judge of the state into 
which this would throw us. It is enough to m^, 
&at it would cast us upon a quite different dik- 
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pensation from that under which we live. It would 
b^ a total and radical change. And the change 
would deeply affect^ or perhaps subvert^ the whde 
conduct of human affairs. I can readily believey 
that, other circumstances being adapted to it, such 
a dtate might be better than our present state.- 
It may be the state of other beings ; it may be 
ours hereafter. But the question with which we 
are now concerned is, how far it would be con-* 
distent with our condition, supposing it in other 
reispects to remain as it is ? And in this question 
there seem to be reasons of great moment on the 
negative side. For instance : so long as bodily 
labour continues, on so many accounts, to be ne^* 
cessary for the bulk of mankind, any dependeilcy 
upon supernatural aid, by unfixing those motives 
which promote exertion, or by relaxing those 
habits which engender patient industry, might 
introduce negligence, inactivity, and disorder, 
into the most useful occupations of human life ; 
and thereby deteriorate the condition of human 
life itself. 

As moral agents we should experience a still 
greater alteration ; of which more will be said 
under the next article. 

Although, therefore, the Deity, who possesses 
the power of winding and turning, as he pleases^ 
the course of causes which issue from himself, de 
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in fact interpose to alter or intercept eflTects which, 
without such interposition, would have taken 
f^e; yet it is by no means incredible that his 
Providence, which always rests upon final good, 
may have made a reserve with respect to the mani* 
Testation of his interference, a part of the very 
plan which he has appointed for our terrestrial 
existence, and a part conformable with, or in 
some sort required by, other parts of the same 
jdan. It is at any rate evident, that a large and 
ample province remains for the exercise of Pro- 
vidence without its being naturally perceptible 
by us; because obscurity, when applied to the 
interruption of laws, bears a necessary proportion 
to the imperfection of our knowledge when ap- 
jdied to the laws themselves, or rather to the 
effects which these laws, under their various and 
incalculable combinations, would of their own ac- 
cord produce. And if it be said, that the doc-' 
trine of Divine Providence, by reason of the am- 
biguity under which its exertions present them- 
selves, can be attended with no practical influence 
upon our conduct ; that, although we believe ever 
so firmly that there is a Providence, we must pre- 
pare, and provide, and act, as if there were nOne; 
I answer, that this is admitted; and that we fur- 
ther allege, that so to prepare, and so to provide, 
is consistent with the most perfect assurance of 
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tbe reality of a Provideiice : and not only so> but 
that it is, probably, one advantage of the present 
state of our information, that our proviflions and 
preparations are not disturbed by it. Or if it be 
still asked. Of what use at all, then, is the doctrine, 
if it neither alter our measures nor regulate our 
conduct ? I answer again, that it is of the greatest 
use, but that it is a doctrine of sentiment and 
piety, not (immediately at least) of action or con- 
duct ; that it applies to the consolation of men*s 
minds, to their devotions, to the excitement of 
gratitude, the support of patience, the keeping 
alive and the strengthening of every motive for 
endeavouring to please our Maker; and that 
these are great uses." 

*" The views taken in these three pan^praphs are 
most important, and they lead to another of equal 
moment, (if, indeed, they do not include it,) respecting 
the obscurity which hangs over the subject of a Future 
State. Sceptics have constantly asked, — ^Why a matter, 
beyond all comparison the most important and the most 
interesting to man, should be left in any the least doubt? 
in other words. Why the combined operation of Natural 
and Revealed Religion should not be to make us just as 
certain of what shall befall us upon our removal from 
this world as we are of what is likely to happen on the 
morrow of any given day ? The answer is, — because 
this matter is so immeasurably more important and more 
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Of all views under which human life has ever 
heen considered^ the most reasonable^ in my judg 

interesting to us than all others ; and because^ unless 
our whde nature were changed, the absolute certainty of 
enjoyments without end and without limit would make 
the performance of our present task impossible. If 
indeed, the further question is pressed, — " "Why are we 
so constituted ? " — this is only another form of what in 
truth all these reasonings conceal, the question, Why 
man was created a finite being? For in this all the 
sceptical questions of the description adverted to inya- 
riably end. Thus, to take an instance from one gratifi- 
eation which of necessity presupposes eyil, — ^Thcre is 
pleasure in the cessation of pain, and in the enjoyment 
of rest afier labour ; as there also is in satisfying the 
thirst for knowledge. It is not a contingent but a ne- 
cessary truth, that this gratification of ease, or of cu- 
liosity satisfied, cannot be obtained without the preced* 
ing evil of suffering or fatigue, or the preceding imper* 
fection of ignorance. But it is said, why might we not 
haye been so made as to have other equal pleasures 
without the evil ? And had such been our constitution, 
tiie same objectors would have said, — "Here is one 
source of enjoyment cut <^." Nay, if life were an 
alternation of positive enjoyment with mere ease, they 
wo\ild still say, — " Why any interval of positive en- 
joyment, compared with which mere ease is worthless, 
and so an evil ? '* And if all were positive enjoyment, 
they would say, — " Why is it not more exquisite ? ** In 
other words, — ^ Why is man a finite being ? " All our 
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ment, is that which regards it as a state of prth 
bation. If the course of the world was separated 
from the contrivances of nature, I do not know 
that it would be necessary to look for any other 
account of it than what, if it may be called an 
account, is contained in the answer, that events 
rise up by chance. But since the contrivances of 
nature decidedly evince intention ; and since the 
course of the world and the contrivances of nature 
have the same author; we are, by the force of 
this connexion, led to believe that the appear- 
ance under whidi events take place, is reconcile- 
able with the supposition of design on the part of 
the Deity. It is enough that they be recondle- 
able with this supposition ; and it is undoubtedly 

speculations, however, upon this subject must proceed 
upon the assumption that the design of Providence 
was to create a finite, mortal creature, endowed with 
free will, but influenced by motives inducing and dis^ 
suading. Any inquiry into the reason for such a de- 
termination being taken by the Supreme Being far ex- 
ceeds the bounds of our faculties ; and the question as 
to evil must be always handled with the impression 
that, beyond a certain way, we never can make progress 
towards its entire solution. The whole subject, with 
the di£ferent doctrines held upon it, will be treated at 
large in the Appendix, where it will be contended that 
the most enlarged views lead to the conclusion of ra^' 
tional optimism and a probationary state* 
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true that they may be reconcileable, though we 
cannot reconcile them. The mind, howev^, 
"whieh contemplates the works of nature, and in^ 
those works sees so much of means directed to 
ends, of beneficial effects brought about by wise 
expedients, of concerted trains of causes tenni- 
nating in the happiest results; so much, in a 
word, of counsel, intention, and benevolence ; a 
mind, I say, drawn into the habit of thought 
which these observations excite, can hardly turn 
its view to the condition of our own species with* 
out endeavouring to suggest to itself some pur- 
pose, some design, for which the state in which 
we are placed is fitted, and which it is made to 
serve. Now we assert the most probable suppo- 
sition to be, that it is a state of moral probation j 
and that many things in it suit with this hypo- 
thesis which suit no other. It is not a state of 
tmmixed happiness, or of happiness simply ; it 
is not a state of designed misery, or of misery 
simply : it is not a state of retribution ; it is not a 
state of punishment. It suits with none of these 
suppositions. It accords much better with the 
idea of its being a condition calculated for the 
production, exercise, and improvement of moral 
qualities, with a view to a fiiture state, in which 
these qualities, after being so produced, exercised, 
and improved, may, by a new and more favour- 
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ible coiitiitution of tilings, receive their reward, 
or become thdr own. If it be said, tiiat this t» 
to enter upon a religious ratber than a philoso- 
phieal consideration, I answer, that the name of 
Beligion ought to form no objection if it shall 
torn out to be the case that the more religious 
our views are the more probability they contain. 
The degree of beneficence, of benevolent inten- 
tion, and of power, exercised in the construction 
of sensitive beings, goes strongly in favour, not 
only of a creative, but of a continuing care, that 
is, of a ruling Providence. The degree of chance 
which appears to prevail in the world requires to 
be reconciled with this hypothesis. Now it is 
one thing to maintain the doctrine of Providence 
along with that of a future state, and another 
thing without it. In my opinion, the two doc- 
trines must stand or fall together. For although 
more of this apparent chance may perhaps, upon 
other principles, be accounted for than is gene* 
tally supposed, yet a ftiture state alone rectifies 
all disorders : and if it can be shown that the ap^ 
pearance of disorder is consistent with the uses 
of life as ^preparatory state, or that in some re« 
spects it promotes these uses, then, so far as this 
hypothesis may be accepted, the ground of the 
difficulty is done away. 

In the wide scale of human condition there is 
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sot perlutps one of its manifeld diversities whick 
does not bear upom the design here suggested/ 
Virtue is infinitely yarious. There is no situation 
HI wludi a raticmai being is placed^ from that of 
the best-instrueted Christian down to the con^ 
dition of the rudest barbarian^ which affords not 
room for moral agency ; for the acquisition^ exer- 
dse, and dispb^ of Wuntary qualities^ good and 
bad. Health and sickness, enjoyment and suffer^ 
ing, rii^s and poverty, knowledge and ignorance, 
pow^* ai^ subjection, liberty and bondage, civi* 
lization and barbarity, have all their offices and 
duties, all serre for the formation of character: 
. for when we speak of a state of trial, it must be 
remembered that characters are not only tried, or 
proved, or detected, but that they are generated 
also, and farmed, by circumstances. The best dis- 
positions may subsist under the most depressed, 
the most afflicted fortunes. A West-Indian 
slave, who amidst his wrongs, retains Ins bene- 
volence, I, for my part, look upon as amongst the 
foremost of human candidates for the rewards of 
virtue. The kind master of such a slave, that is, 
he who, in the exercise of an inordinate authority, 
postpones, in any de^^ee, his own interest to his 
slave's comfort, is likewise a meritorious cha- 
racter; but still he is inferior to his slave. AH 
however whidi I contend for is, that these des- 
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tiniefl^ opposite as they may be in every otker 
view^ are both triab; and equally such. The 
observation may be applied to every other con* 
dition : to the whole range of the scale> not ex- 
cepting even its lowest extremity. Savages ap^ 
pear to us all alike ; but it is owing to the dis- 
t»ice at which we view savage life, that we per* 
eeive in it no discrimination of character. I make 
no doubt but that moral qualities, both good and 
bad, are called into action as much, and that they 
subsist in as great variety in these inartificial 
societies as they are or do in polished life. Cer- 
tain at least it is, that the good and ill treatment 
which each individual meets with depends more 
upon the choice and voluntary conduct of those 
about him than it does or ought to do under 
regular civil institutions and the coercion of public 
laws. So again, to turn our eyes to the other end 
of the scale, namely, that part of it which is 
occupied by mankind enjoying the benefits of 
learning, together with the lights of revelation; 
there also the advantage is all along proba- 
tionary, Christianity itself, I mean the revela- 
tion of Christianity, is not only a blessing but a 
trial. It is one of the diversified means by which 
the character is exercised : and they who require 
of Christianity that the revelation of it should be 
universal may possibly be found to require that 
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1 species of probation should be adopted^ if not 
to the exclusion of others, at least to the nar« 
iDwing of that variety which the wisdom of the 
Deity hath appointed to this part of his moral 
.OBconomy.* 

Now if this supposition be well founded ; that 
is, if it be true that our ultimate or our most per* 
manent happiness wiU depend, not upon the tem* 
porary condition into which we are cast, but upon 
our behaviour in it; then is it a much more fit 
subject o{ chance than we usually allow or appro* 
hend it to be, in what manner the variety of ex- 
ternal circumstances which subsist in the human 
world is distributed amongst the individuals of 
the species. " This life being a state of proba- 
tion, it is immaterial,*' says Bousseau, '' what kind 
of trials we experience in it, provided they pro* 
duce their eflfects." Of two agents who stand in* 
different to the moral Governor of the universe> 
one may be exercised by riches, the other by po* 
verty. The treatment of these two shall appear 

* The reader ivill observe that I [speak of the revelation of 
Christianity as distinct from Christianity itself. The dispensation 
fioay already be universal. That part of mankind which never 
heard of Christ's name, may nevertheless be redeemed, that is, 
be placed in a better condition, with respect to their future state, 
by his intervention ; may be the objects of his benignity and in- 
tercession, as well as of the propitiatory virtue of his passion. But 
this is not '* natural theology ; " therefore I will not dwell longer 
upon it.— iVo/# of the Author, 
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to be very opposite, wlukt in truth it ia the same; 
fer though, in many respects, there be great dis- 
parity betweai the conditions assigned, in one 
main article there may be rnoae, viz. in that they 
are alike trials ; have both their duties and 
temptations, not less arduous or less dangerous 
in one case than the other ; so that if the final 
award follow the character, the original distribu^ 
tion of the circumstances under which that chs/^ 
racter is formed, may be defended upon principles 
not only of justice but of equality. What hinderfi^ 
therefore, but that mankind may draw lots for 
their condition 1 They take their portion of &- 
cnlties and opportunities, as any unknown cause, 
or concourse of causes, or as causes acting for 
other purposes, may happen to set them out : but 
the event is govemed by that which depends 
upon themselves, the application of what they 
have received. In dividing the talents, no rv^ 
was observed : none was necessary : in rewarding 
the use of them, that of the most correct justices 
The chief diflFerence at last appears to be, that the 
right use of more talents, i. e. of a greater trust, 
will be more highly rewarded than the right use 
of fewer talents, L e. of a less trust. And since, 
for other purposes, it is expedient that there be 
an inequality of concredited talents here, as well 
probably as an inequality of ccmditions hereafter. 
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to that inequality, be more agreeable^ even to our 
apprehensions of distributive justice, than this n ? 
. We have said that the aj^arance of catuaUy 
which attends the occurrences and events of Hfe 
not only docjs not interfere with its uses, as a 
state of probation^ but that it promotes these 
uses. 

Passive virtues^; of all others the severest and 
the most sublime; of all others, perhaps, the 
most acceptable to the Deity, — ^would, it is evi- 
dent, be excluded from a constitution in whidi 
happiness and misery regularly followed virtue 
and vice. Patience and composure under distress, 
affliction^ and pain; a steadfast keeping up of 
our confidence in GocU and of our reliance upo|i 
his final goodness, at the time when every thing 
present is adverse and discouraging; and (what 
is no less difficult to retain) a cordial desire finr 
the happiness of others, even when we are der 
prived of our own; these dispositions, which 
c<Histitute, perhaps, the perfection of our moral 
nature, would not have found their proper office 
and object in a state of avowed retribution ; and 
in which, consequently, endurance of evil would 
be only submission to punishment. 

Again : one man's sufferings may be another 
man's trial. The family of a sick parent is a 
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jBchool of filial piety. The charities of domestic 
life^ and not only these, but all the social virtues, 
are called out by distress. But then misery, td 
be the proper object of mitigation, or of that be- 
nevolence which endeavours to relieve, must be 
xeally or apparcnUy casual. It is upon such 
sufferings alone that benevolence can operate 
For were there no evils in the world but what 
were punishments, properly and intelligibly such, 
benevolence would only stand in the way of justice. 
Sudi evils, consistently with the administration of 
moral government, could not be prevented or al- 
leviated, that is to say, could not be remitted in 
whole or in part, except by the authority which 
inflicted them, or by an appellate or superior au** 
thority. This consideration, which is founded in 
our most acknowledged apprehensions of the na- 
ture of penal justice, may possess its weight in the 
Divine counsels. Virtue perhaps is the greatest 
of all ends. In human beings, relative virtues 
form a large part of the whole. Now relative 
virtue presupposes, not only the existence of evil, 
without which it could have no object, no material 
to work upon, but that evils be apparently, at 
least, misfortunes ; that is, the effects of apparent 
chance. It may be in pursuance, therefore, and in 
furtherance of the same scheme of probation, that 
the evils of life are made so to present themselves. 
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I have already observed^ that when we let in 
religious considerations we often let in light upon 
the difficulties of nature. So in the fact now to 
be accounted for, the degree of happiness which 
we usually enjoy in this life may be better suited 
to a state of trial and probation than a greater 
degree would be. The truth is, we are rather 
too much delighted with the world than too little. 
Imperfect, broken, and precarious as our plea- 
sures are, they are more than sufficient to attach 
us to the eager pursuit of them. A regard to a 
future state can hardly keep its place as it is. If 
we were designed therefore to be influenced by 
that regard, might not a more indulgent system, 
a higher or more uninterrupted state of gratifica- 
tion, have interfered with the design ? At least 
it seems expedient that mankind should be sus- 
ceptible of this influence, when presented to them ; 
that the condition of the world should not be such 
as to exclude its operation, or even to weaken it 
more than it does. In a religious view (however 
we may complain of them in every other), priva- 
tion, disappointment, and satiety are not without 
the most salutary tendencies. 
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CHAPTER XXVII. 

CONCLUSION. 

In all cases, wherein the mind Eeels itielf in 
danger of being confounded by variety, it is sure 
to rest upon a few strong points, or perhaps upon 
a single instance. Amongst a multitude of proofe^ 
it is one that does the business. If we observe in 
any argument, that hardly i;«M> fi^ds fix upon 
the same instance, the diversity of choice shows 
the strength of the argument, because it shows 
the number and ccmipetitiim of the exampke. 
There is no subject in whidi tiie tendency to 
4lwell upon select or single tojnos is so imial, 
becaiBse there is no subject, of whidi, in its iuU 
'exient, the latitude is so great, as that of tnatunll 
history applied to the proof of an intelligeiit 
<Creat<»r. Por my part, I take my stand in human 
anatomy ; and the examples of mechanism I 
should be a.pt to draw out from the copious cahi- 
logue which it supplies, are the pivot upon which 
the head turns, the ligaments within the socket 
of the hip-joint, the pulley or trochlear muscles of 
the eye, the epiglottis, the bandages which tie 
down the tendons of the wrist and instep, the slit 
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or "perforated musdes a^ the hands and feet, the 
knitting of the intestines to the mesentery, the 
course of the chyle into the blood, and the consti- 
tution of the <SGK6S as e:3d:ended throughout the 
whole of the animal creation. To fliese instances, 
the reader's memory will go back, as they are se- 
verally set forth in then* places : there is not one 
^the numbar which I do not think decisive ; not 
one which is not strictly machanicdi : nor have I 
testd or heard of any solut«m of these appear- 
«iioes, ^dixt^, in the smallecrt degree, shakes the 
conclusum tibat we build upon them. 

But, of the greatest part of those, who, ei^er 
in €taB book or any oth^, read arguments to 
(prove the existence df a God, it wiU be imid, that 
they leave -off only where they began; that they 
^ere never ignorant of this great truth, never 
doiibted of it; that it does not therefore appear^ 
^httt is gained by researches from which no new 
tpinion is learned, and upon the subject of which 
no proofs were wanted. Now I answer that* 
by investigation, the following points are always 
gained, in favour of doctrines ^ven the most 
generally acknowledged (siq)posing them to rbe 
true), viz. stability and impression. Ocxmsioos 
win arise to try tile firmness of our most habitual 
Q|»nions. And upon these occasions, it is tt mat- 
ter ^ incalcndable n^e to feel our foundation 

k2 
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find a support in argument for what we had taken 
up upon authority. In the present case, the argu- 
ments upon which the conclusion rests are exactly 
such, as a truth of universal concern ought to rest 
upon. " They are sufficiently open to the views 
and capacities of the unlearned, at the same time 
that they acquire new strength and lustre from 
the discoveries of the learned.*' If they had been 
altogether abstruse and recondite, they would not 
have found then* way to the understandings of 
the mass of mankind ; if they had been merely 
popular, they might have wanted solidity. 

But, secondly, what is gained by research in 
the stabihty of our conclusion, is fdso gained from 
it in impresidon^* Physicians tell us, that there 

•• We have adverted in a former note (Chap, xxv.) ta 
the lamentedi. silence of Laplace upon the inferences to 
which his most important researches so naturally lead. 
An objection of a kind in some respects similar, but in 
others materially different, has oflen been urged against 
another class of writers, — the historians who record, with- 
out observation, events in which pious men are prone to 
trace the interposition of Providence. This charge was 
brought, upon one remarkable occasion, against the nar- 
rative of a celebrated voyage of discovery ; and the 
author. Dr. Hawkesworth, defended himself in an ela- 
borate and ingenious manner : He urged that either the 
event (the ceasing of the wind at a critical moment, by 
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is a great deal of difference between taking a 
medicine^ and the medicine getting into the con- 
stitution. A difference not unlike which obtains 
with respect to those great moral propositions, 

which Captain Cook's ship, after it had struck on a coral 
rock, was saved, contrary to all expectation) happened in 
the ordinary course of nature, and then ought no more to 
be called providential than the rising of the sun upon any 
given day ; or it was produced by an extraordinary in- 
terposition, and then the same power might have ren- 
'dered this unnecessary by preventing the ship from strik- 
ing. (Voyages, vol. i. p. xxi., second edition.) But this 
reasoning proceeds upon an entfre misapprehension of 
the objection. No one denies that the good and the evil 
come from the same Almighty hand ; but resting in the 
behef, avowed by Dr. Hawkesworth himself in exphcit 
terms, that "the Supreme Being is equally wise and 
benevolent in the dispensation of both evil and good as 
means of eflfecting ultimate purposes worthy of his in- 
eflFable perfections," (t6. p. xx.) we may, with the most 
absolute consistency, express thankfulness for the one and 
resigned submission to the other dispensation; and it is 
a wholesome habit of thinking, and one according with 
our duty to that awful and benevolent Being, as well as 
conducive, to our own mental improvement, to make our 
gratitude for his bounties keep pace with our resignation 
to his will. Those, therefore, who, like Laplace, pass by 
an occasion of marking the proofs of his existence and 
intelhgence where it naturally presents itself, expose 
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which ought to form the directing prineipks of 
human conduct. It is one Ihing to assent to a 
proposition of this sort ; another^ and a very dif- 
ferent thing, to have properiy imbibed its influ- 
ence. I take the case to be this : perhaps ahnost 
every man living has a particular train of thought, 
into which his mind glides and falls, when at lei- 
sure from the impressions and ideas that occa- 
sionally excite it : perhaps, also, the train of 
thought, here spoken o£ more than any other 
thing, determines the character. It is of the ut- 
most consequence, therefore, that this property 
of our constitution be well regulated. Now it is 
by frequent or continued meditation upon a sub- 
ject, by placing a subject in different points of 
view, by induction of particulars, by variety of ex- 
lonples^ by applying principles to Uie solution of 
phenomena, Dy dwelling upon proofe and conse- 
quences, that mental exercise is drawn into any 
particular channel. It it by these means, at least, 
that we have any power over it. The train of 
spontaneous thought, and the choice of that train, 
may be directed to different ends, and may ap- 

tbemselves to blame; and those who, as it were>go out 
of their way to avoid marking instances of his bounty, 
are alike cen»u»ble. Both classes neglect a fit oppor- 
tunity of promoting human improvement. 
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pemr to be more or less judiciously fixed> aeeoid- 
ii^ to the purpose in respect of which we coosidor 
it : but, in a morcd view, I ^tail not, I believe, be 
contnMiicted when I say, that, if one train of 
thinking be more desirable than ano&er, it is 
that which regards the phsanomena of nature 
with a constant reference to a supreme intelligent 
Author. To have made this the ruling, the ha* 
bitual sentiment of our minds> is to have laid the 
foundation of every thing which is religious. The 
world thenceforth becomes a temple, and life itself 
one continued act of adoration. The change is 
no less than this; that, whereas formerly God 
w€is seldom in our thoughts, we can now scarcely 
look upon any thing without perceiving its rela- 
tion to him. Every organised natural body, in. 
the provisions which it contains for its susten- 
tation and propagation, testifies a care, on the 
part of the Creator, expressly directed to these 
purposes. We are on all sides surrounded by 
such bodies; examined in their parts, wonderfully 
curious ; compared with one another, no less won- 
derfully diversified. Ski that the mind, as well as- 
the eye, may either expatiate in variety and mul- 
titude^ or fix itself down to the investigation of 
particular divisions of the science. And in either 
case it wiU rise up from its occupation, possessed 
by the subject, in a very differoit manner, a^id 
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with a very different degree of influence, from 
what a mere assent to any verbal proposition 
which can be formed concerning the existence of 
the Deity, at least that merely complying assent 
with which those about us are satisfied, and with 
which we are too apt to satisfy ourselves, will or 
can produce upon the thoughts. More especially 
may this difference be perceived, in the degree of 
admiration and of awe, with which the Divinity is 
regarded, when represented to the understanding 
by its own remarks, its own reflections, and its 
own reasonings, compared with what is excited by 
any language that can be used by others. The 
werks of nature want only to be contemplated. 
When contemplated they have every thing in 
them which can astonish by their greatness : for, 
of the vast scale of operation through which our 
discoveries carry us, at one end we see an intelli- 
gent Power arranging planetary systems, fixing, 
for instance, the trajectory of Saturn, or con* 
structing a ring of two hundred thousand miles 
diameter, to surround his body, and be suspended 
like a magnificent arch over the heads of his in- 
habitants ; and, at the other, bending a hooked 
tooth, concerting and providing an appropriate 
mechanism, for the clasping and reclasping of the 
filaments of the feather of the humming-bird. 
We have proof, not only of both these works pro- 
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ceeding from an intelligent agent, but of their 
proceeding firom the same agent : for, in the first 
place, we can trace an identity of plan, a con- 
nexion of system, from Saturn to our own globe ; 
and when arrived upon our globe, we can, in the 
second place, pursue the connexion through all 
the organised, especially the animated, bodies 
which it supports. We can observe marks of a 
common relation, as well to one another, as to the 
elements of which their habitation is composed. 
Therefore one mind hath planned, or at least hath 
prescribed, a general plan for all these produc- 
tions. One Being has been concerned in all. 

Under this stupendous Being we live. Our 
happiness, our existence, is in his hands. All we 
expect must come from him. Nor ought we to 
feel our situation insecure. In every nature, and 
in every portion of nature, which we can descry* 
we find attention bestowed upon even the mi- 
nutest parts. The hinges in the wings of an ear^ 
wig, and the joints of its antennae, are as highly 
wrought, as if the Creator had had nothing else to 
finish. We see no signs of diminution of care by 
multiplicity of objects, or of distraction of thought 
by variety. We have no reason to fear, therefore^ 
our being forgotten, or overlooked, or neglected.** 



^ There is assuredly nothing that more tends to absorb 

k3 
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The exitteiice and character of the Deity is, ia 
every view^ the most interesting of all hunuuai 
ipeeulations. In none> however^ is it more soi, 
than as it fitcilitates die belief of die fondam^ital 
articles of Reoehitkm. It is a step to hare it. 
proved, tiiot there must be something in the 
wodd more than what we see. It is a further 
step to know, that, amongst the isvuible thingps 
of natural there must be an intellig^t mind, con- 
cerned in its production, order, and siqyport. 
These points being assured to us by Natural 
Theology, we may well leave to Bevelation the 
disclomire of many particulars, which our re^ 
searches cannot reach, respecting either the na- 
ture of this Being as the original cause of all 

our whfde fiMsuUiea in devout admiratiim than the con- 
templation of that universal power and pervading skill 
which is here remarked by the author. The same being 
that fashioned the insect whose existence is only dis- 
cerned by a microscope, and gave that invisible speck a 
system of ducts and oth^ organs to perform its vital 
functions^ created the enormous mass of the planet thir- 
teen hundred times larger than our earth, and launched 
it in its course round the sun, — and the comet, wheeling 
with a velocity that would carry it round oilr- globe in 
less than two' minutes of time, and yet revolving throi^h 
80 prodigious a space that it tsikes near sis centuries to 
encircls the sun! 
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^aiagB, or his diaraeter and designs as a moxal. 
fpifeansoT; tod not only ao^. but tbe mace full con- 
ismatiaa. of other particulars, of whidi, tiumgh 
they do not Be altogether beyond our reasonings^ 
Mud our pnobabilities, the cei!tainty is by no nieaiiB> 
oqpial to the importance. The trae.theist will be 
tii0 first to listen to am^ credible communication, 
of IKvine knowledge. Nothing which he haS' 
learnt from Natural Theology will diminish faiB> 
desire of ftirther instruction, or his dis^sition to 
receiye: it with hnmihty and tliankMnesa. IfjB 
wislies for light : herejoices in Ught. His. inwards 
Twenera^n of this: great Being will indine him 
to attend with, the utmost seriousness, not only 
to all that can. be discovered concerning him by 
researches into nature; but to all that is taught 
hf a revelatibn whkh gives reasonable proof of 
having proceeded firom him^ 

But, above every other article of revealed re- 
ligion, does tibe anterior belief of a Deity bear 
with the strongest force upon that grand point, 
whkh gives indeed interest and importance to 
all therein,; — ^the resurrection of the human dead. 
The thing might appear hopeless, did we not see 
a power at work adequate to the effect> a power 
und^ the guidance of an intelligent will,, and a 
power penetrating the inmost recesses of all suIk 
s^UBDoe. I am for firom justifying the opinion of - 
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those who '' thought it a thing incredible that 
Gt>d should raise the dead:'* but I admit that it 
is first necessary to be persuaded, that there is a 
God to do so. This being thoroughly settled in 
our minds, there seems to be nothing in this pro^ 
cess (concealed as we confess it to be) which need 
to shock our belief. They who have taken up 
the opinion that the acts of the human mind de- 
pend upon organisation, that the mind itself in* 
deed consists in organisation^ are supposed to 
fipd a greater difficulty than others do in admit- . 
ting a transition by death to a new state of sen-^ 
tient existence, because the old organisation is 
apparently dissolved. But I do not see that any 
impracticability need be apprehended even by 
these; or that the change, even upon their hypo- 
thesis, is far removed from the analogy of some 
other operations which we know with certainty 
that the Deity is carrying on. In the ordinary 
derivation of plants and animals from one another, 
a particle, in many cases, minuter than all assign- 
able, all conceivable dimension, — an aura, ane£9^u- 
vium, an infinitesimal^ — determines the organisa- 
tion of a future body: does no less than fix, 
whether that which is about to be produced shall 
be a vegetable^ a merely sentient, or a rational 
being; an oak, a frog, or a philosopher; makea 
all these differences; gives to the future body 
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its qualities^ and nature, and species. And this 
partide, from which springs^ and by which is 
determined, a whole future nature, itself pro- 
ceeds from, and owes its constitution to, a pricn: 
body : nevertheless, which is seen in plants most 
decisively, the incepted organisation, though 
formed within, and through, and by, a preceding 
organisation, is not corrupted by its corruption, 
or destroyed by its dissolution : but, on the 
contrary, is sometimes extricated and developed 
by those very causes ; survives and comes into 
action, when the purpose for which it was pre- 
pared requires its use. Now an economy wliich 
nature has adopted, when the purpose was to 
transfer an organisation from one individual to. 
another, may have something analogous to it 
when the purpose is to transmit an organisation 
from one state of being to another state : and 
they who found thought in organisation may see 
something in this analogy applicable to their dif-. 
ficulties; for, whatever can transmit a similarity 
of organisation will answer their purpose, because, 
according even to their own theory, it may be the 
vehicle of consciousness, and because conscious- 
ness carries identity and individuality along with, 
it through aU changes of form or of visible qua- 
lities. In the most general case, that, as we have 
swl, of the derivation of plants and animals from 
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aaother^ tiie lateit orgvniflition is ddMr 
kself nndlar to tlie old organisatioii, or h«ttlie 
power of commiuiicatiiig to new matter the old 
oargsnk fivm. But it is not restricted, to tfau 
role. There are other eases^ espedally in Ae 
progress of insect lifiB^^in whieh the dormant or- 
gsnisatkm does not nmch resemble that which 
encloses it, and still less suits with the ^lation 
in which iiie enclosing body is placed, but suits 
widi a difievent situation to whkh it m destinedL 
In the hurra of tiie Ubellula, which lives oon-^ 
standj, and has still long tq live und^ water, are 
descried the wings of a fly/t^ch two years aftra?^ 
wards is to mount into theair. Is there nothing 
in this amdogy ? It serves ai least to Bkow, that^ 
even in the observable course of nature, organi- 
sations axe formed one beneadi another; and> 
amcmgst a thousand other instances, it shows 
cmnpletely that the Deity can mould and fisushion 
the parts of mat^al nature, so as to folfil any 
purpose whatever which he is pleased to appoint. 
They who refer the operations of mind to a 
substance totally and essential^ diffi^rent ftom 
mooter (as most certainly tl^se operations, though' 
alBdcted by matmal causes, held vei^ littie affinity 
U> any properties of matter with which we are ac- 
qiudnted), adopt perhaps a justor reasoning and 
a bettar philosophy : and by these t^ censid^- 
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m tlie same degpree. But to such as find, whieh 
some persons do find, an insuperable difficulty in 
sliaking off an adherence to those analogies, whick 
the cocpoveal world is continually suggesting to 
theif thcHights; to such I say, eyery consideration 
will be a relief, which manifests the extent of that 
inte&igont power which is acting in nature, the 
fruitfiilness^ of its resources, the variety, and £^t- 
mess, and succe^ of its means; most especially 
every confldderation, which tends to sdiow that,, ki 
tibe translation of a conscious existence, thera 
is. not, even in their own way of regarding it, 
any thing gready beyond, or totally unlike, what 
takes place in such parts (probably small parts) 
of the ovder of nature, as are accessible to one 
observation. 

Again : if there 1^ tibose who think, that tfaar 
oonEtradsdness bsolA debility of the human facul- 
ties HI oiur present state se^ai ill to accord withi 
the high destinies which the expectations of relir 
gion point out to us; I would only ask them, 
whether any one, who saw a child two hours 
after its birth, could suppose that it would ever 
come to understand Jluxions ; * or who then shall 
say, what further amplification of intellectual 
powers, what accession of knowledge, what ad- 

* See Search's Light of Nature, pa**im. 
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vance and improvement, the rational faculty, be 
its constitution what it will, may not admit of, 
when placed amidst new objects, and endowed 
with a sensorium adapted, as it undoubtedly will 
be, and as our present senses are, to the percep- 
tion of those substances, and of those properties 
of things, with which our concern may lie. 

Upon the whole; in every thing which respects 
this awful, but, as we trust, glorious change, we 
have a wise and powerful Being (the author, in 
nature, of infinitely various expedients for infi- 
nitely various ends), upon whom to rely for the 
choice and appointment of means adequate to the 
execution of any plan which his goodness or his 
justice may have formed, for the moral and ac- 
countable part of his terrestrial creation. That 
great ofi&ce rests with him; be it ours to hope 
and to prepare, under a firm and settled persua- 
sion, that, living ahd dying, we are his ; that life 
is passed in his constant presence, that death 
resigns us to his merciful disposal. 
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I. 

ON CHAPTKRS I. AND II., AND INTRODUCTORY TO 
THE MECHANISM OF THE FRAME. 

Archdeacon Paley has, in these two introduce 
tory chapters, giren us the advantage of simple, 
but forcible language, with extreme ingenuity, in 
illustration. But for his exaasiple, we should 
have felt some hesitation in making so close a 
comparison between design, as exhibited by the 
Creator in the animal structure, and the mere 
medbanism, the operose and imperfect contriv- 
ances of human art. 

Certainly, there may be a comparison; for a 
superficial and rapid survey of the animal body 
may convey the notion of an apparatus of levers, 
puUies, and ropes — ^which may be compared with 
the spring, barrel, and fusee, the wheels and 
pinions, of a watch. But if we study the texture 
of animal bodies more curiously, and especially if 
we compare animals with each other — for ex- 
ample, the simple structure of the lower creatures 
with the complicated structure of those higher 
in flie scale of existence — ^we shall see, that in 
tiia' lowest links of the chain animals are so 
e, that we should almost call them homo- 
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geneous; and yet in these we find life, sensi- 
bility, and motion. It is in the animals higher 
in the scale that we discover parts having distinct 
endowments, and exhibiting complex mechanical 
relations. The mechanical contrivances which 
are so obvious in man, for instance, are the pro- 
visions for the agency and dominion of an intel- 
lectual power over the materials around him. 

We mark this early, because there are authors 
who, loolung upon this complexity of mechanism, 
confound it with the presence of life itself, and 
think it a necessary adjunct — ^nay, even that life 
proceeds from it : whereas the mechanism which 
we have to examine in the animal body is formed 
with reference to the necessity of acting upon, or 
receiving impressions from, things external to the 
body — a necessary condition of our state of ex- 
istence in a material world. 

Many have expressed their opinion very boldly 
on the necessary relation between organisation 
and life, who have never extended their views to 
the system of nature. To place man, an intelli- 
gent and active being, in this world of matter, 
he must have properties bearing relation to that 
matter. The existence of matter implies an 
agency of certain forces ; — the particles of bodies 
must suffer attraction and repulsion; and the 
bodies formed by the balance of these influences 
ui)on their atoms or particles must have weight 
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or gravity, and possess mechanical properties. 
So must the living body, independently of its 
pecuhar endowments, have similar composition 
and qualities, and have certain relations to the 
solids, fluids, gases, heat, light, electricity, or gal- 
vanism, which are around it. Without these, the 
intellectual principle could receive no impulse — 
could have no agency and no relation to the 
material world. The whole body must gravitate 
or have weight ; without which it could neither 
stand securely, nor exert its powers on the bodies 
around it. But for this, muscular power itself, 
and all the appliances which are related to that 
power, would be useless. When, therefore, it is 
affirmed that organisation or construction is ne- 
cessary to life, we may at least pause in giving 
assent, under the certainty that we see another 
and a different reason for the construction of the 
body. Thus we perceive, that as the body must 
have weight to have power, so must it have me- 
chanical contrivance, or arrangement of its parts. 
As it must have weight, so must it be sustained 
by a skeleton ; and when we examine the bones, 
which give the body height and shape, we find 
each column (for in that sense a bone may be first 
taken) adjusted with the finest attention to the 
perpendicular weight that it has to bear, as well 
as to the lateral thrusts to which it is subject in 
the motions of the body.^ 
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The bones also are as levees, on ihe most 
«ecurate mechanical principles. And whilst these 
bones are necessary to give firmness and strength 
to the frame, it is admirable to observe, that one 
bone never touches another; but a fine elastic 
material, the cartilage, intervenes betwixt their 
ends, the effect of which is to give a^ery con»- 
derable degree of elasticity to the whole frame. 
Without such elasticity, a jar would reach the 
more delicate organs, even in the very recesses of 
the body, at every violent motion ; and, but for 
this provision, every joint would creak by Ae 
attrition of the surfaces of the bones. T^e bones 
are surrounded with the flesh or muscles. The 
muscle is a particular fibrous texture, which alone, 
of aU the materials constituting the frame, pos- 
sesses the peculiar inherent power or endowmenft 
of contracting : it is this power whkfa we ore to 
miderstand, when professional mett ttpesla of irri- 
tability. The contraction of the muscle bears no 
proportion to the cause which brings it into Gpe* 
ration, more than the touch of the spur upon tihe 
horse's side does as a mechanical impetus to 'tfao 
jbrce with which the animal propels both,liim8elf 
and rider. Eadi muscle of the body — ^and by 
common estimate there are faundreds-^is isolated; 
and no property of motion is propagated from 
one to another ; they are distinct instruments of 
motion. The muscles surround the bones, anfl 
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are so beantiftOly classed^ tihat in erery fiMmfiar 
motiaii of the lixnbs some hundreds of them tofe 
:adjit8ted in tiieir exact degree, to effiret tibe aim- 
.plest change in the position of the body. 

Sadi fibre of a mnscle, and a nnisek may con- 
tain millions Y^^fibres, is so attadfeed to the tendcm, 
that the whole power is concentrated there ; and 
it is the tendons of the muacles which, like ropes, 
convey Qse force of ihe muscles to the bones. Hie 
bonos are pas&ire levers; the musdes are the 
Jbctive parts of the fi?ame. 

With an the seeming intricacy in the Tummig 
and ^croasing of these traidons, Aey are adjusted 
accurately on mechanical principles. Where it is 
necessary, they jrun in sheaths, or they receive 
new directions liy lateral Hgamentous attadi- 
anents^ or there are ^aced ^mder them tsmooih 
and lubricated pullies, oiver which they run.; -axd 
*whfflre these is mndi Action, there is m qpsovinan 
requal in effect to the&iction-whed ef machhmy. 

Thus the bones are levers, widi their fands 
<mo8t curuHffily Gttrved.aad articulated; miid,}oiBDBd 
to the intaicate rdatjona nf Ae musplea and ie»- 
^ons, ihesf present on Hie whole a piece <J perfeot 
anedumism. 

It is with this texture— 4he coarsest, looglraitt 
|>ortion of the animal iframe—ihat our author is 
running a parallel when he eompares it mth the 
common mechanical contrivances of machinery. 
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Whilst these grosser parts of the animal body 
exhibit a perfection in mechanical adaptation far 
greater than the utmost ingenuity of man can 
exhibit in his machinery, let the reader remember 
that they bear no comparison with the finer parts 
of the animal body : such, for example, as the 
structure of those nerves which convey the man- 
date of the will to the moving parts, or of the 
vessels which are conveying the blood in the 
circulation, and where the laws of hydraulics may 
be finely illustrated ; or of those secreting glands 
where some will affirm the galvanic influence is in 
operation with something finer than the apparatus 
of plates and troughs. 

But were we to institute a comparison between 
the mechanical contrivances of man and these 
finer mechanisms in the animal frame, we must 
recollect that there are structiu'es in the body 
much more admirable, as we shall have abundant 
opportunities of showing as tve proceed in the 
present volume. The organs of the senses, which 
are so many inlets for the qualities of surrounding 
matter to excite corresponding sensations and 
perceptions, will afford us delightful subjects of 
contemplation; and proofs more conclusive of 
design in the human body — not only in regard to 
the system of that body itself, but as it forms a 
part of the system of the universe. 
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11. 



ON DESIGN AS EXHIBITED IN THE MECHANICAL 
STRUCTURE OP ANIMAL BODIES. 

In all animal bodies, besides those structures on 
which their economy and much of their vital func- 
tions depend, there is a firm texture necessary. 
Without this, the vegetable would have no charac- 
teristic form; and animals would want the protec- 
tion necessary for their delicate organs, and could 
not move upon their extremities. We have to show 
with what admirable contrivance, in the diflTerent 
classes of organized beings, this firm fabric is 
reared — sometimes to protect the parts, as a 
shell, and sometimes to give them form and mo- 
tion, as in the skeleton. 

In vegetables, as in animals, there is a certain 
firm material necessary to support the parts which 
are the living active organs of their system, and 
which are so beautiftil and interesting. The lig- 
neous or woody fibre is a minute, elastic, semi- 
opaque filament, which, closing in and adhering to 
other filaments of the same kind, forms the grain 
or solid part of the wood. The best demonstration 
of the oflice of the woody fibre is in the leaf. When 
the leaf of a plant is prepared by maceration and 
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putrefaction, and the soft part washed away, there 
remains an elegant skeleton of wood, which retains 
the form of the leaf, and which is perfectly well 
suited to support its delicate organization. It is 
the same substance which, when accumulated and 
condensed, gives form and strength to the roots 
and branches of the oak; and these, though fan- 
tastic and irregular in their growth, preserve a 
mechanical principle of strength as obvious to the 
ship-builder, in the knees of timber, as in the 
delicate skeleton of the leaf. Lord Bacon speaks 
of " knee-timber, that is good for ships that are to 
be tossed.'* The woody fibre, though not directly 
engaged in the living functions of the tree, is yet 
essential for extending the branches and leaves 
to the influence of the atmosphere, and by its 
elasticity under the pressure of the wind, giving 
what is equivalent to exercise for the motion of 
the sap. A tree opposed to winds and to a severe 
dimate is dense in its grain, and the wood is 
preferred by the workman to thai which is the 
growth of a milder din^te. 

We cannot miss seeing the analogy of the 
woody fibre with the bones of animals. Bone& 
axe firm, to sustain the animaVs weight, and to 
give it form. They are jointed, and move under 
the action of muscles ; and this exercise promotes 
the activity of the living parts, and is necessary tx> 



Digitized 



by Google 



ON DESIGN m ANIMAL BODIES. 219^ 

health. But let us first observe the structure of 
some of the lower animals. It will be agreeable 
to find the hard material though always appro- 
p*iate and perfect, becoming more and more me- 
chanical and complex in its construction, firom the 
lithophytes, testacea, Crustacea, reptiles, fishes, 
mammalia, up to man. 

The texture of a sponge, its form and elasticity, 
depend upon a membranous and homy substance, 
to which both siliceous and calcareous spiculae are 
added. 

Carbonate of lime is the hardening material of 
shell, united to a membranous or cartilaginous 
animal matter. Our author describes the slime 
of a snail hardening into shell by the influence of 
the atmosphere ; but this is a very imperfect, and 
indeed erroneous view of the matter. The shell 
of the oyster, and even the pearl, consist of con- 
centric layers of membrane and carbonate of 
lime; and it is their lamellated arrangement* 
which causes the beautiibl iridescence in the 
polished surfSeu^e of those shells*. In the rough 
outer surface of an oyster-shell, we shall see the 
marks of the successive layers. We have to 
understand, that that which now forms the centre 
and utmost convexity of the shell was, at an earlier 

* See the discoveries of Sir David Brewster on this subject. 
Phil. IVins. 1814, p. 397, 
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stage^ sufficient to cover the whole animal. But 
.as the oyster grows, it throws out from its surface 
a new secretion^ composed of animal matter and 
carbonate of lime, which is attached to the shell 
already formed, and projects farther at its edges. 
Thus the animal is not only protected by this 
covering, but, as it grows, the shell is made thicker 
and stronger by successive layers. 

The reader will not be unwilling that we 
should stop here to show that, rudely composed 
as this covering of the oyster seems to be, it not 
only answers the purpose of protecting the ani- 
mal, but is shaped with as curious a destination to 
the vital functions of respiration and obtaining 
food as anything we can survey in the higher 
animals. We cannot walk the streets without 
noticing that, in the fish- shops, the oysters are 
laid with their flat sides uppermost ; they woulcl 
die were it otherwise. The animal breathes and 
feeds by opening its shell, and thereby receiving 
a new portion of water into the concavity of its 
under-shell ; and if it did not thus open it shell, 
the water could neither be propelled through its 
bronchide or respiratory apparatus, nor sifted for 
its food. It is in this manner that they lie iu 
their native beds : were they on their flat surface, 
no food coujd be gathered, as it were, in their 
cup ; and if exposed by the retreating tide, the 
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opening of the shell would allow the water to 
escape, and leave them dry — thus depriving them 
of respiration as well as food*. 

We perceive, then, that the form of the oyster- 
shell, rude as it seems, is not a thing of chance. 
Since the shell is a cast of the body of the animal, 
the pecuKar shape must have been given to the 
soft parts, in anticipation of that of the shell — an 
instance of prospective contrivance. 

That the general conformation of the shell 
should have relation to what we may term its 
function, will be less surprising when we find a 
minute mechanical intention in each layer of that 
shell. We should be inclined to say that the 
earthy matter of the shell crystallizes, were it not 
that the striated or fibrous appearance differs in 
the direction of the fibres in each successive stra- 
tum — each layer having the striae composing it 
parallel to one another, but directed obliquely to 
those of the layer previously formed, and the 
whole exhibiting a strong texture arranged upon 
well-known mechanical principles. 

Shell is not alive, as true bone is. If the shell 
of any of the testacea be broken, the surface of the 
animal secretes a new shell ; not, however, by the 

* In confinnation of these remarks, the geologist, when he sees 
those shells in beds of diluvium, can determine whether the oysters 
were overwhelmed in their native beds, or were rolled away and 
scattered as shells merely. 
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concretion of mucus, but by ike regular secretien 
of a substance combined of earthy and gelatinous 
matter'*'. Delicate experiments have been made 
by steeping shells in diluted nitric acid, by which 
it is shown that the carbonate of lime is the earthy 
material of shells ; and that, when that earth is dis- 
solved in the acid, a gelatinous substance of the 
form of the shell remains. 

Crustaceous animals, such as the lobster and 
crab,t have their shell formed of the same sub- 
stances as the testacea, but with the addition of 
phosphate of lime to the carbonate of lime. A 
question may arise, How do these animals grow ? 
It is said that they cast their shells and remain 
retired until a new shell is secreted; and Beau- 
mur has given a very particular account of the 
process of separation in the cray-fish. Naturalists 
have not found these cast-off shells. If they be 
not cast, the animals must, at a particular season, 
have their shells so softened as to permit sudden 
expansion of their bodies within ; yet it woidd be 
difficult to say by what internal means this shell 
could be thus softened and made pliant. We 
presume the reason that the shells of the crustacea 
are not found in our museums is because they are 

* We owe our knowledge of the formation of shell to the great 
French naturalist Reaumur, who, hy ingenious experiments, showed 
the distinction of shell and bone, and that the former was secreted 
from the surface of the animal. f Vol. i. p. 346. 
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not tlivoini off at onoe^ Imt that the partaaas are 
•detached in suocessioii. In these crostacea we 
find an approranation to bone, inasmndi as the 
shell is artkuhited, and has certain processes di- 
rected inwards to which the muscles are attached. 

The hardening material of bone is the -pkosk" 
phate of Ikne ; and this earthy substance is not 
merdy miited with cartilage or gdatinous matter, 
but membranes and vessels enter into the compo- 
sition of bone« Bone is not excreted, or thrown 
out of the system of the animal body, but, on the 
contrary, it participates in those laws that govern 
Uving matter. It is continually undergoing the 
dianges of deposition and absorption, under the 
inflaence of blood-vessds and absorbing vessels ; 
by which means it grows with the growth of the 
•oft parts. 

In fishes, which live in an element that sup- 
ports the weighty the bones have a very large 
proportion of elastic cartilage in their composition^ 
and some have so little of the phosphate of lime 
in their bones as to be denominated cartilaginous 
fidies. Indeed, in the higher classes of animals 
which live upon land, there is in the different 
bones a finely-appropriated union of earth, car- 
tilage, and fibre, to give them the due proportion 
of resistance, elasticity, and toughness. Not only 
is the bone of each class of animal peculiar in the 
proportion of the ingredients, but each bone of 
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the skeleton^ as of man> has a due proportion of 
earthy and cartilage, and fibre to suit its office. 
The temporal bone> in which the ear is situated^ 
is as dense as marble (it is called o« petrosum}, 
and of course is suited to propagate the vibration 
of sound : the heel-bone, or the projection of the 
elbow, on which the powerful muscles pull, is, on 
the other hand, fibrous, as if partaking of the 
nature of a tendon or rope ; whilst the columnar 
bones, which support the weight, have an inter- 
mediate degree of density, and an admirable 
form, as we shall see presently. 

.Let us consider the structure, growth, and 
decay of the deer's horns, as an example of the 
most rapid growth of bone, and a curious in- 
stance of its appropriation to a particular purpose. 
And, first, why should these antlers be deciduous, 
falling at an appointed season ? The breeder of 
domestic cattle and horses endeavours to propa- 
gate the favourite qualities of fleece or carcase, of 
speed or power, by crossing. Nature accomplishes 
her purpose by giving to the strongest. 

The antlers of the stag which is in maturity and 
vigorous health grow with the greatest spread 
of palms and crotches: with the growth of the 
horn there is increase of strength in the neck and 
shoulder*. We cannot be surprised, then, that 

* The carotid artery, which nourishes the head^ increases ra- 
pidly in size during the growth of the antlers. 
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in contention with his rivals^ he that carries the 
largest antlers should obtain supremacy over the 
terd. After the season, his antlers fall; and we 
then find the stag feeding with the other males^ 
which before he had driven off. Be this, how- 
ever, as it may, the growth and fall of the horn 
is a remarkable phenomenon, and deserving fur- 
ther consideration. 

The horn of the deer is bone, and is formed as 
an internal part, that is to say, it is covered during 
its growth. It grows firom the outer table of the 
skuU, a ; but there extends, at the same time, from 
the integuments of the head, a soft vascular 




Section of the root of a deei's horn. 
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Hovering, b, like velvet, so that, darisg tiie whole 
-period of its growth, the ham, c, Ymm around it a 
tender soft covering, ftdl of vesaek, and wh^ is 
necessary to its growth and support But when 
-the horn has acquired its fiill Ibrm and strength, 
this velvet covenng is destroyed by a very cu- 
rious process. At the root of the horn, near the 
skull, a circlet of tubercles, d, called the burr or 
pearl, is found : the principal vessels run between 
these tubercles, and, as the tuberdes grow, they 
close in upon the ascending blood- vessels, com- 
press them, and prevent their conveying Uood to 
the horn : then the membrane, whidi was vascu- 
lar, becomes insensible and dead, and in time is 
rubbed off. 

In old treatises on hunting, the separation of 
the outer cuticle, or velvet, is called fraying; and 
the huntsman, in leading on his hounds upon 
a hart of many *' tines," judges of his size and 
strength by the fraying-post — the height of the 
tree against yvUch he has been butting and rub- 
bing his horns to separate the outer covering. 
The horns, when the velvet is detached, are now 
perfect. It is after this that the stag seeks the 
female in the depth of the forest ; and now it is 
that, in encountering his rivals, fierce contests 
ensue. They dart against each other with great 
fury, take no repose, and in a very few weeks be- 
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&jme quite exhaEUsted. In the museum of the 
College of Surgeons there aie two superb sets of 
aatiers entan^d and wedged together : they be- 
longed to two males, which had struck so fi^rcelj 
against each other that they could not withdraw 
their horns, and being thus strangely locked to- 
gether, they starved, and were found dead. The 
stag is a very different animal, in regard to 
strength, at different seasons of the year. He 
feeds, too, on different herbage, sometimes pre- 
ferring the broom and heath ; at another season 
he resorts to copses, springs, and corn-fields ; and 
these correspond with his different condition as 
to strength and fatness, and with his passions. 
It is after the period of contention that the stag 
is once more found in the copses and underwood, 
feeding peacefiilly with his former rivals. And 
now the process of absorption takes place at the 
root of the horns, and they are shed : sometimes 
one is carrkd a considerable time after the other 
is Mien; and it is observed that the oldest and 
strongest harts shed their antlers the soonest. 
The remarkable circumstance is, that such is the 
provision, through the absorption at the root of 
the horn, that a slight shock will now detach that 
which bore the united force of the two combatants 
before. The fallow-deer have the same habits 
and passions ; but they will contend in herds for 
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fitvottrite pastore-grounds^and divide into parties 
imder the oldest and strongest of the herd. A¥ha 
can doubt that the antlers are for a temporary 
purpose, since, for the greater part of the year, 
they are either wanting, or in a tender state of 
growth. Nature bestows them only as arms f<»r 
the combat which is to decide for the strongest, 
and give a sire to the herd. 

We shall now advert to the forms of the bones 
of the greater animals, and to those of man. 
That the bones which form the interior of ani- 
mal bodies should have the most perfect shape, 
combining strength and lightness, ought not to 
surprise us, when we find this in the lowest vege- 
table production. 

A reed, or a quill, or a bone may be taken to 
prove that in nature's works strength is given 
with the least possible expense of materials. The 
long bones of animals are for the most part hoi- 
low cylinders, filled up with the lightest substance, 
marrow; and in birds the object is attained by 
means (if we may be permitted to say so) still 
more artificial. Every one must have observed, 
that the breast-bone of a fowl extends along the 
whole body, and that the body is very large com- 
pared with the weight : this is for the purpose of 
rendering the creature specifically lighter and 
more buoyant in the air ; and that it may have a 
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surface for the attachment of muscles equal to 
the exertion of raising it on the wing. This com- 
bination of lightness with increase of volume is 
gained by air-cells extending through the body> 
and communicating by tubes between the limgs 
and cavities of the bones. By these means the 
bones^ although large and strong to withstand 




[A, section of the femur, or thigh-tone, to show the 
hollow of its shaft, and the cancellated structure of its 
upper and lower ends ; 6, the head, by which it is arti- 
culated to the pelvis ; c, the great trochanter ; d, the 
surface by which it is articulated to the leg.] 



Digitized 



by Google 



290 NATUBAL TUBOLOOT« 

ihe operation of powerfid muAcles upon them« ajce 
much lighter than those of quadrupeds. 

The long bones of the human body^ being hol- 
low tube8> are called cylindrical^ though they aafe 
not accurately so,^ the reason of whidi we diall 
presently explain ; and we shall at the same time 
show that th^ irregularities are not accidental^ 
as some have imagined. But let us first demon- 
strate the advantage which^ in the structure of the 
bones, is derived from the cylindrical form, or a 
form approaching to that of a cylinder. If a piece 
of timber supported on two points, thus — 




bear a weight upon it, it sustains this weight by 
different qualities in its difiTerent parts. For ex- 
ample, divide it into three equal parts (A, B, C) : 
the upper part A supports the weight by its soli- 
dity and resistance to compression; the lowest 
part B, on the other hand, resists by its tough- 
ness or adhesive quality. Between the portions 
acting in so different a manner, there is an inter- 
mediate neutral or central part C, that may be 
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ttiken wncf mihoni materially ^feakening the 
beam^ whidi shows that a hoUow cylmder is the 
form of strength. We may observe a further 
illustration of this when a tree is blown down 
and broken at the stem: to the windward the 
broken part gapes ; it has been torn asunder like 
the snapping of a rope : to the leeward side of 
the tree the fibres of the stem are crushed into 
one another and splintered; whilst the central 
part is bent. This, we presume, must always be 
the case, more or less. We may observe, too, 
why the arch is the form of strength. If this 
transverse piece of timber were in the form of an 
arch, and supported at the extremities, then its 
whole thickness, its centre, as well as the upper 
imd lower parts, would support weight by resisting 
compression. 

But the demonstration may be carried much 
farther, to show the form of strength in the bone. 
If the part of the cylinder which bears the pres- 
sure be made more dense, the power of resistance 
will be much increased; whereas, if a ligamentous 
covering be added on the other side, it will 
strengthen the part which resists extension ; and 
we observe a provision of this kind in the tough 
ligaments which run along the vertebrae of the 
back. 

When we see the bone cut across, we are forced 
to acknowledge that it is formed on the principle 
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of the cylinder — that ia, that the material is re- 
moved from the centre^ and accumulated on the 
circumference^ thus — 




We find a spine or ridge. A, running along the 
bone, B C, which, when divided by the saw in 
a tranverse direction, exhibits the irregularity, 
whereof A is the section. 

The section of this spine shows a surface as 
dense as ivory ; that part is, therefore, much more 
capable of resisting compression than the other 
part of the cyUnder, which is common bone. 
This declares what the spine is, and the ana- 
tomists must be wrong who imagine that the 
bone is moulded by the action of the muscle, or 
that the spine is a mere ridge, arising by accident 
among the muscles. It is, on the contrary, a 
strengthening of the bone in the direction on 
which the weight bears. If we resume the expe- 
riment with the piece of timber, we shall learn 
why tlie spine is harder than the rest of the bone. 
If a portion of the upper part of the timber be cut 
away, and a harder wood inserted in its place, the 
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insertion of the harder portion of wood increases 
this property of resistance. With this fact before 




us we may return to the examination of the spine 
of bone. We see that it is calculated to resist 
pressure, first, because it is farther removed from 
the centre of the cylinder, and, secondly, because 
it is more dense, to resist compression, than the 
other parts of the circumference of the bone*. 

Tliis explanation of the use of a spine upon a 
bone gives a new interest to osteology. The ana- 
tomist ought to deduce from the form of the spine 
the motions of the limb, the forces bearing upon 
the bone, and the nature and the common place 
of fracture; while, to the general inquirer, an 
agreeable process of reasoning is introduced in 
that department, which is altogether without in- 
terest when the " irregularities'' of the bone are 
spoken of, as if they were the accidental conse- 
quences of the pressure of the flesh upon it. 

* As the line A B extends farther from the centre than B C, on 
the principle of a lever, the resistance to transverse fracture will be 
greater in the direction A B than B C. 
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AUliougli treatiii^ of the purdy mechanical 
principk^ it is peihaps not&r removed from our 
proper object to remark that a person of feeble 
texture and indolent habits has the bone smooth, 
thin, and light ; but that nature, solicttous for our 
safety, in a manner which we could not anticipate, 
combines with the powerfiil muscular frame a 
dense and perfect texture of bone, where every 
spine and tubercle is completely developed. And 
thus the inert and mechanical provisions of the 
bone always bear relation to the living muscular 
power of the limb, and exercise is as necessary to 
the perfect constitution and form of a bone as it is 
to the increase of the muscular power. Jockeys 
speak correctly enough when they use the term 
" blood and bone,'' as distinguishing the breed car 
genealogy of horses ; for blood is an allowable 
term for the race, and bone is so far significant, 
that the bone erf a running horse is remarkably 
compact compared with the bone of a draught 
horse. The reader can easily understand, that 
in the gallop the horse must come on his fore 
legs with a shock proportioned to the span ; and 
that in the horse, as in man^ Hie greater the 
muscular power the denser and stronger is the 
bone. The bone not being as a mere pillar, 
intended to bear a perpendicular weight, we 
ought not to expect uniformity in its shape. 
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JEmch bone, ansording to its place, bears xtp 
against tlie varying«foroes tliat «re applied to 
it. Consider two men wrei^ng togetber, and 
then think bow various the direction of the resiirt- 
ances must be: now tbey are pulling, and the 
hemes are like ropes; or again, they are writhing 
and twisting, and the bones beiur a force like the 
aade-tree b^ween two wheels; or they are like a 
pillar under a great weight; or those bones are 
acting as levers. We see, therefore, why, to with- 
stand these different shodcs, a bone should con- 
sist, as we hare stated, of three parts, the earth of 
bone (sub-phosphate of lime) to give it firmness ; 
fibres to give it toughness ; and cartilage to give 
it elasticity. 

We may pursue this subject a little farther 
still, taking the text of our author — ^ The propwt- 
Honing of me thing to another J' Chap. xvii. sec. v. 

The great functions by which animals live and 
breathe and are nourished are the same through 
the whole chain, from the simplest polypus or mass 
of jelly that floats in the sea^ to the largest aini 
most complex of all terrestrial creatures. The 
appetite for food, the powers of assimilation, circu- 
lation, aeration, secretion> are the same functions 
in all living creatures, only modified by their size 
or condition. When we consider the astonishing 
variety in the shapes of animated beings, we are 
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apt to forget the necessity of. apportioning their' 
size and strength^ not onl]p«to the vegetable pro- 
ductions and to the materials found on the sur- 
face of the earth, but to the magnitude of the 
globe — ^to the '' great motions that are passing in 
the heavens." On that plan of living structure 
which pervades all the varieties of animals in which 
bones afford resistance and muscles activity, there 
must be a limit to stature. The resisting parts 
of the smaller animals, which have an external 
covering instead of bones, have comparatively 
much less material in them than the larger. Ac- 
cordingly, philosophers have contrasted the power 
of the flea with that of the horse, deciding greatly 
in favour of the former. The rationale of this is 
not quite apparent at first ; but a little considera- 
tion will convince us, that the resisting material 
being exterior to the animal's body, and conse- 
quently removed from the centre^ it must possess 
more power against transverse fracture, as well as 
bestow a mechanical advantage for the action of 
the muscles. But this is not all: any degree of 
density and strength may be given to it, from its 
being a mere secretion, and being unorganized. 
We may compare, however, the bones of man with 
those of the elephant, or other huge animals.* 
Now it would seem that the material of bone 
(which wc must recollect is porous, since it consti- 
* Vol. i. p. 360. 
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lutes a living part> and is nourished by blood- 
vessels) -cotdd not, by,^ny variety of conformation, 
bear up a greater mass than that of the elephant. 
On examining the bones of these immense ani- 
mals, including the megatherium and rhinoceros, 
they are dense and strong, and clumsy, as we 
would term it; their spines and processes are 
large, and their cavities filled up : all which 
indicates, that to support a larger animal on 
extremities, some other material than the vascu- 
lar bone would be required. Those immense 
bones that are found in digging the earth, and 
which, in ignorant ages, have given rise to strange 
&ncies, are the bones of animals inhabiting the 
water — ^whales or reptiles, whose bulk was ex- 
tended in the water, or that crawled on their 
bellies, and they could never have given support 
sufficient to have raised their enormous weight on 
extremities. With regard to the position, that 
"a chicken roosting on its perch is related to 
the spheres revolving in the firmament," I have 
elsewhere illustrated the necessity of a fixed point 
from which the muscles can act, and that the 
necessity of resistance implies that of weight, and 
that that weight must be proportioned to the mass 
of the globe we inhabit, as well as to the power of 
the muscular frame'*'/ 

^ See the introduction to the Bridgewater Treatise on '• The 
Hand.'' 
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III. 

DESIGN OR MECHANICAL CONTRIVANCE AS EXHI- 
BITED IN THE BONES OF THE HEAD AND THEIR 
JOININGS. 

We hare ekewhcre spoken of the ^ arclutecttare '' 
of the skull, which, thougli at first a starring 
term, has been acquiesced in from the remarkable 
instances iliat we hare giren of desig^n, in com- 
paring the texture and connexion of the bones 
with the art of the builder and carpenter. The 
Kiore important the part is to life — ^the more vital 
the organ, we find the texture or fabric which 
protects it the more perfisct. The human skull 
presents us with many curious proofs that the 
forces or injuries to which it is exposed are cal- 
culated and provided against. But we shall take 
our first exan^les from the skulls of animals ; and 
here we see that the brain is not covered in the 
same manner in all, but that in each variety thare 
is a provision against the forces to ^diich the 
skull is sul^eeted. The skull of a dog is hardly 
in any respect like the skull of a ram ; the bonea 
of the former aare thin ; the line of union, which iff 
called the suture, is simple ; it is hot provided ta 
withstand percussion: but in the latter aimnal 
there is reared over the proper Inrain-cafie a series 
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of arched cells of strong bone^ and each bone is 
joined to another by a line, serrated, deep and 
regular; the mechanical strength of the union 
always corresponding with the strength of the 
bones ; and the whole being formed into a base 
suited for the support of the horns, and calculated 
to sustain the shock when the animal butts with 
the whole weight and strength. 



The engra-ving represents the irregtilar line of union of the bones 
of the skull as seen on the otxt^r surface. 

We might contrast the skull of the ram or goat 
with that of the tiger, where the strength is in 
its jaws. This animal, too, has the brain-case 
small, and, as it were, buried in the head ; but the 
jaws, instead of being spongy bones, as in man, 
are dense and strong to sustain the teeth ; for 
what would avail these teeth, long and sharp 
and strong, could they be twisted from their 
socket ? and what would aTail the strength of 
the jaws, and length and depth of the teeth, 
mere not the proper skull surroicDded with spines 
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and arches of bone dense and strong enough to 
give attachment to the muscles of the jawsf? 
Thus^ in the carnivorous animal^ the strength of 
the bony textures of theliead is all concentrated 
in the jaws of the animal^ and corresponds with 
its instinct to hold and rend its prey. 

But when the lion or the tiger have steuck 
down their prey — and have gorged themselves 
and sought their dens> and when the lesser car- 
nivorous animals have cleared the bones — there 
remains a rich repast which they cannot reach ; 
then comes the hyaena^ which cracks the^ones^ 
and feeds upon the marrow. 

Of all the skulls that can be collected in a 
museum^ the jaws and teeth of the hysena ex- 
hibit the most extraordinary strength : the 
bones having a clumsy form and dense texture 
quite i)eculiar^ and suited for the socketing of 
the strong conical teeth. 

We see, therefore, that the fabric of the head, 
taken as a whole, bears a certain resemblance in 
aU classes of animals ; but, though built upon the 
same general plan, the supports are given to 
fortify the points which bear the shock. 

By such more obvious instances of adaptation 
we are led to inquire whether any similar adjust-; 
ment of the resisting property of the bone is to be 
found in the human head. We must carry this 
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"along with us in our inquiry, that a shock or vibra- 
tion going through the great mass of the human 
brain proves more immediately destructive of the 
faculties, than the wound which penetrates the 
substance without a concussion. When we con- 
template the condition of a child, its fearlessness, 
its restless activity, the falls and knocks it gets, 
we must perceive that were not the textures of the 
bones and the brain adjusted, the child when it 
fell must have lain insensible, instead of rising 
and crying more from terror than the sense of 
injury. 

We may contrast this condition of the child 
with that of an old man losing his balance and 
fidling on his head, who lies insensible from 
the shock. Is it not apparent that there is here 
a calculation of the accidents of life, and a provi- 
sion against them, which yet leaves us threatened 
with danger, and, therefore, on our guard ? 

The difiference in the textures of youth and 
age are instructive as to the causes of the diver- 
sity. The brain of the old man is firm ; the 
vibration injures its fibre. The brain of the 
child is soft, and in infancy it may be moulded to 
any shape. Then, again, the texture of the bone 
is entirely dififerent, and hardly like the same sub- 
stance. It is thin and pliant in the child, actu* 
illy dimpled by a blow; whilst in age it is brittle 

VOL. II. M 
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from ks density^ Mid the Tibrfttii^ o€ tlie Uov 
runs round it; or if it be btoken^ it ii Uke a 
piece of Aasrp glsM entering the teadcr parti 
beneath. 

Much more than will stand inquiry hn been 
said of the forms of the head, in reference to the 
contained organs ; but there is a simple demoU'^ 
istration which should precede all this : the forms 
of the skull bear a relation to pressure and in* 
jury from without^ and the parts most exposed are 
most protected. A man failing backwards has 
the back of his head exposed to injury ; and the 
examination and section of the bone at this part 
shows how nature has strengthened it, by giving 
it greater thickness and prominence, and by 
groining it within. We say groining it ; for there 
is nothing more resembling the strong grdnmgs 
or arches of the ground-siory of a great building; 
than the ridges of the skull at this part of its bas^ 
which cross at a centre corresponding with the 
prominence of the occiput. 

In front, the form of the skull exhibits a provi- 
^on not less distinct in its object. The parts of 
the fc^ehead which are most prcKoiDent and ex^ 
posed (emmenti^e frontales) exhibit, on their sec- 
tion, a thicker and denser bone ; whilst the lamet 
part of the forehead is {brmed of cells or simeiH^ 
which, throwing off the outer wall of the skull 



Digitized 



by Google 



nSSlQff OF TBE HEAit). 



24& 



horn ike fpoxbee of the brain^ still more effectual 
protects it. 

A person tumbling sideways pitches on the 
shoulder^ and the convexity of the head comes to 
tiie ground precisely on that point (the centre of 
the parietal bone) where the bone is thickest and 
most dense. 




A. The pmieiai baae. 

B. The/roR/o/ bone. 
G. The occipital bone. 
D. The /eMpora/ bone. 

JBL Xke sphetwid bone. ^ 

It is, on ite whole, impossible to study the 
forms of tlie head without acknowledging that 
the shape, tbickiiess, and texture of the skull 
have refennce to the Bability to pv^ure and 
blows from nifliout. 

To take a further example: — It seems very 
natural, in carrying a burden, to poise it on the 
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bead. Now, whether we take the carpentry (called 
a centering) on which the stones of the arch of a 
bridge are laid in building it, or the arch of stone, 
or a dome — (for with all these the bones of the 
head may be aptly compared) — there has been 
nothing ever contrived so perfect as the joining 
of the bones of the head to resist both pressure 
above, and straining at the sides. And if, on 
this subject, we solicit the reader's attention more 
particularly to these joinings, it is because, in 
books merely anatomical, they are apt to be 
treated like things of accident, and described as 
the running of the fibres of one bone into an- 
other, the necessary consequence of their mode of 
growth ; or the accidental effect of the pressure 
of the muscle: whereas, on the contrary, the 




The fi^re represents the two parietal bones — forming an arch, 
or a surmouoted dome. 
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finest tools of the carpenter could make nothing 
so perfect or so demonstrative of design *. 

These provisions would surely have met with 
earlier attention had men contemplated in a true 
view the object of the animal frame-work ; which 
is not to give absolute safety against inordinate 
violence, but to balance the chances of life,— leav* 
ing us still under the conviction, that pain and 
injury follow violence : so that our experience of 
the injury, and our fear of pain, whilst they are 
the principal protection to life, lay the foundation 
of important moral qualities in our nature. 



* This subject is pursued in more detail in an Essay published 
by the Society for the Division of Useful Knowledge, under the 
title of *"' Animal Mechanics." Jt is there shown that the bony 
substance of the skull separates, in the maturity of man, into two 
plates or tables, and of di£ferent degrees of hardness, with an in^ 
termediate soft substance; and that by this arrangement of sub* 
stances of different densities, a shell or covering is given for the 
protection of the brain, opposing sufficient resistance to pressure, 
and at the same time calcidated to stifle vibration from a blow. 



Digitized 



by Google 



MB ]^ATiniALTHSOLOOr. 

IV. 

OF THE /OiNT& 

Ik comparing the skdeion with earpestry^ or any- 
thing artificial that adsdits of comperifson with 
it, we remark that, in the bones, theie ifl not a 
straight line, or regidar form, whether they aerre 
t^ a shaft, axle, or lever; wh^e, in ihe other« 
ev^y part is levelled and squared^ or Uoamed ac- 
cording .to some geometrical curve. This wcHild 
lead a superficial thinker to conclude that the 
bones were formed irregularly, or without refcr- 
^ice to principle ; but the consideration of by 
Whom formed, leads to a review ; and a deeper 
examination brings with, it the conviction that ibe 
curves, spines, and protuberances of the bones 
are formed with a relation to the weight which 
they bear, and the thrusts and twists to which 
they are subjected in the different motions of the 
body. 

If we observe the various postures of a man at 
any manual labour; or under a weight, or running, 
or leaping, or wrestling, we shall be convinced 
that no carpentry of the bones, formed upon geo- 
metrical lines or curves, could suit all this variety 
of motion. No splicing, dovetailing, cogging, or 
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any g£ all tiie Tariouft i^Mpefi mto wkfeh tke 'car* 
penier (»r |otiinr cuts hsB viaiterial, could •enable 
tliea to withstand the motioos of the body, wheie 
it is fio utterly impoaraiile to eatknate the £o9eeBr 
or to calnilatfi upon the Tariety in the motion. 

That the varieties in die fiorms of the bones aane 
not kregnlar, nor aecidental, but aire rdated to the 
violicNas to foe performed, is apparent in the close 
^yamination of the honiAn skeleton, and still more 
dearly evinced 1^ comparative anatomy. 

The shapes of the bones are very closely re- 
hvted to the motions to be performed l^ the dif- 
ferent joints. Let us observe the enlargement of 
the diameter of the bone »t an articulation. This 
expanfflon of the articxilated surface of the bone 
gives power to the binding ligaments, by removing 
ikeai from the centre of mc^on ; and by the in- 
crease of sur&ce and additiofial strength of liga- 
ment, the danger of dislocation is much dinu-: 
nished. The friction of two bodies whose surfaces 
move upon one another is not increased by the' 
eictent of surface, the pressure remaining the 
same. Hence the enlai^ement of the sur&ces of 
flie joint is attended with greater security without 
there being additional friction. But, for the most 
pfurt, the surfaces of the bones, instead of sliding 
upon one another, have a rounded form, and roll 
upon eadi other. Now the frktion, in this case,- 
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depends upon the diameter of the body wfaidt 
toUb, and is small in proportion as the diameter 
of that body is great, the weight being the same*. 
By this we see that the large bones forming the 
knee-joint, for example, have every advantage of 
greater strength without increased friction. 

Our author has perhaps dwelt sufficiently on 
the smoothness given to the articulating surfaces 
of the bones by the cartilages and the synovial - 
or lubricating fluid, vulgfarly called joint-oil (and 
ignorantly so called); and after these general 
observations, in order fully to comprehend the 
fine adjustment of each bone in its articulation, 
we should require to go minutely into the ana* 
tomy* Then we should find with how curious a 
mechanical adaptation the motions are permitted 
in the prescribed direction and checked in every 
other. We should be called to observe, also, how 
the motions of one joint are related to those of 
another; and how, by the combination of joints, 
each of which is securely checked and strength* 
ened, there is a facility and extent of motion pro* 
duced by their combination : for example, in the 
arm and hand, where the motions are free, and 
varied in every possible direction. 

It is interesting to see how the joints of the 
lower extremities are modified in man in compa- 
rison with those of the upper. We have else^ 
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where remarked that the bones of the human 
pelvis^ thighs and leg exceed those of all other 
animals in relative size^ which shows a provi- 
sion for the erect position of man. The same is 
epvinced in the form of the joints, as the ankle^ 
knee, and hip ; for whilst their combinations give 
every necessary degree of motion consistent mth 
security, there is a happy provision, producing 
at once firmness and mobility. That is to say, 
when the limb is thrown forward in walking or 
running, it is loose, and capable of being freely 
directed ; so that we plant it with every conve* 
nience to the irregularity of ground : but when 
the body is carried forward to be perpendicular 
over that limb, it acquires, by the curious adjust- 
ment of the bones, a firmness equal to that of 
a post. Again, when the body is still further 
thix)wn forward, and the limb is disencumbered 
of the weight of the body, the joints are let loose 
so as to be bent easily, and to obey the action of 
the muscles. 



m3 
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V. 



OF THE SPllfE. 

IJThe spine is ihe most perfect stroeture in tbe 
piiole animal madiine. Perhaps, if our words 
were critically tak^b it would be better to sayj 
that the intention of the curious mecbanical abcuc- 
ture here was the most a{^parent, and on that 
account most the olject of our achnkation. By 
the skeleton is meant the collection c^ bones 
irhich gives form and strength to ike superioff 
dass of animals ; and as these bones are bound 
together by a chain of vertebrae, the whole class 
of these animals is called vertebrata, &om this 
taost essential part of the dceleton. Besides thus 
binding the bones together, and forming, as it 
were, the very centre of the whole, the spine is 
a tube for protecting the most vital oi^n of all^ 
the spinal marrow. But, again, when we look 
upon the skeleton of man as giving him the power 
of standing erect, we observe that the spine, whilst 
it retains its other offices, has a new one imposed 
upon it : it is a pillajr for sustaining not only the 
superior parts of the body, but the globe of the 
head, which we shall find it protects in a very un- 
expected manner. The reason of our admiration. 
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tibeii* is in bemgp a];^ to pcofeeire ike ^modbs b|[ 
viifich these diSkacemt offices ai:e perfixrased by the 
fOBstrudicm of tibis ccdnma.* l»yirxiatare has ^eito- 
Uifiiiied the most ofipedie ax&d inocmsiste^ fosc* 
tioiiB in one set of bones; — for these bones are 9o 
starong as not to snfieor und^ tibe longest fstigue 
ox the greatest weight wlneh the limbs can bear; 
and so Hexakie, as to perform the dnef turnings 
and bendings of the bocfy; and yet so steady 
vkhal^ as to contain and defend the most mate- 
rial and tihe most delieaie part of Hie nerv(»xs 
intern. 

In some animals, the lowest of the Tertel:»rata> 
the parotecting texture of tl^ spinal marrow hardly 
deserves the nsune of veiiebral column. In cer» 
tun fishes'**, f<n* example, the spine consists of a 
cartBage made tough by ligamientoiis int^iex- 
tnre. In ihe myxine, this cartilage does not 
entirely endcMse the spinal marrow; for it lies 
in a deep groove on the upper part of Ae 
afiae. But let ns not suppose that in fishes 
these is any imperfection in the vertebral co^ 
Inmn : it is an elastic cdhimn, - on whi<^ the 
muscles act so as to become the means rfpewer- 
fiil locomdicm; and in all fishes the spnehas, 
more or less, this remarkable elasticity. As- 
i W ffw i ing in the scale of animi^ we find the carti- 

^ * Myxine, lamprey, sturgeon, tie. 
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lag^ forming the spinal column subdiyided by 
cavities which contain a gelatinous fluid; and 
these cavities^ being surrounded with a strong^ 
but elastic ligamentous covering, nothing can be 
conceived more admirably adapted to give a 
springiness to the whole column. Still ascending^ 
we discover that the bony matter becomes depo- 
sited between these cavities ; and here the sepa* 
rate vertebr® first appear. If ^two vertebrae of 
the great shark be taken out together^ and the 
sac between them punctured, such is the elasticity 
of the walls of this sac, that the fluid ¥rill be 
spouted out to a distance. In other fishes, as the 
cod-fish (an osseous fish), the structure approaches 
to that of the mammalia; the intervertebral sub- 
stance is gelatinous. In the whales, circular con- 
centric ligaments join the vertebrae, and a small 
portion in the centre consists of a glairy matter* 
In mammalia, and in man, there are strong and 
distinct bones of the vertebrae; and these are 
joined by a ligamentous cartilage, the outer circle 
of which is remarkably strong, and the central 
soft and elastic. The toughness and strength of 
the exterior circle, and the soft condition of the 
centre, make a joint equivalent in action to what 
might be produced by a ball intervening between 
the surfaces : a facility of motion is thus bestowed 
which no form of sohd could give j and yet the 
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joint is so strong, that the bone breaks from vio* 
lence^ but the ligamentous cartilage never gives 
-^y. When the veterinary surgeon casts a horse^t 
if he be not careful to restrain him> he will twist 
himself with a force which will break the vertebrsBi 
It is a frequent accident in man ; but the texture 
that gives mobility to the spine never yields. 

The next thing admirable in the spine is the 
manner in which the head is sustained on a column 
possessing elasticity^ and in which the brain is 
thereby saved from undue concussion in the move- 
ments of the body. This object is not attained 
altogether through the elastic substance in the 
spine which we have described ; but it is owing, 
in a great measure, to the general form of the 
spine in man. Had the vertebrae been built 
up, like a lofty column, of portions put cor- 
rectly and vertically over one another, the spine 
would not have had the advantages which re- 
sult from the structure that we have to describe. 
As the incumbent weight would then have fallen 
on the centres of all the bodies of the ver- 
tebrae, they must have yielded in a slight degree 
only. Accordingly the figure of the italic / is 
given to the column, which waving line we need 
not admire because it is the line of beauty, as 
some have defined it, but because it is the form 
erf elasticity. The spine being already in a curved 
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it boids emmSj; the premmt is direeteil 
idw mmgaiM a£ tike Tortdbne sad cf the i»k 
tgyertebral lahitifffe, —A Ihey thcninre yield 
aeftdily; and by yieUiag, they prodnee an in-^ 
cBeaaeafthecttrre^aeopeeyeMt Aoctenyigofthe 
vhole cohtmn, and adnnt an eai^ Tetnm to tkeir 
original places. Supposewerest thepalmof the 
hud upon a walking-cane, which is fkmiic, but 
perfectly straight ; it bears a considerable pres* 
sure withoat yielding, and when it does yidd, it 
is with a jerk; but if it be previously bent^ how* 
erer we may increase or diminish the pressure, 
there will be no shock: thehandwiUbe supported^ 
. or the cane yidd, with an easy and uninterrupled 
vesaliaicy. Sudi we conceive to be the end ob* 
tained through the double curvature of the sptne : 
that the brain shall receive no shock in the sudden 
motions of the body. 

Were we to give our attention to the processes 
of bone whidi stand out 6rom the bodies of the 
vertebr»»we should find unexpected piovifidons 
there also. It k a common remark of anatomiste, 
that the hemes c^ the spine are secured in thdr 
proper places by the reli^ns of the surfaces in 
contact ; the sur&ce of the body being obKque in 
one direction, and those of the articulatiQg pso^ 
cesses in anoth^ — the one therefore preventing 
the bone being dislocated forwards, and the others 
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u soioethiBg more than thii. Tbe aartiniklnty 
proceMesconaiet of two hcmd «ai&eei» wbkh «e 
ineliBediii widb a maimer thai they jfidevpon one 
anotbor — thai is to say, thearticulatijigsuxfiEice of 
Abe Tertdn» alxnre^ being itsdf iadined, rests 
upon aaotber whidb is also JncKiwid. As the 
mtetxeitthfoi substances of the bodies yidd and 
fecoil« the articulating process of the upper ver- 
tebra shifts upon Uie indined surface of the pro- 
cess on whidi it is seated, ascending and descend- 
ing; but the impediment is greats the more the 
Tertebra descends, thus adding to the ehud:icity 
and security of the whole, and prereniing the 
almipt shocks which would be the consequenee 
of the surfaces being horizontal. If a cannon were 
made to recoil upon an ascending plane, or a 
surfiu^ forming a portion of a drde, it would re» 
present the mechanism of the artioilating pro- 
cesses of the vertebrse. 

Let the separate spine be presented before wt, 
it stands up, like a mast, broad and strong below, 
and tapering upwards. The mast of a ship is 
supported by the i^hrouds and stays; and if we 
sought tar an analogy with these, we must fix 
upon the long muscles of the back, which run 
along the spme to sustain it. But as a mast 
goes by the board in a storm, we. see whore the 
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gpine would have been most in danger> had not 
nature provided against it. When we start for<^ 
ward in walking or running it is by the exertioii 
of the muscles of the lower extremities, and the 
body follows. Did the spine stand directly up 
perpendicularly, it would sustain a shock or jar at 
its base in these sudden motions. We see, there- 
fore, the intention of the lower vertebrae being 
inclined forwards from their foimdation on the 
sacrum : for by this means, the jar which might 
endanger the jimction of the lowest piece, is di- 
vided amongst the five pieces that form the curve. 
The same thing is seen in the quadruped : for as 
the spine in the back and loins lies horizontally, 
and the neck rises towards the perpendicular, 
there would be danger of dislocation, if the ver- 
tebrae of the neck rose suddenly and abruptly 
from the body : there is, therefore, at the lowest 
part of the neck a sweep or semicircle formed by 
the junction of several vertebrae, to permit the 
head to be erected; a remarkable example of 
which is shown in the stag. 

We have elsewhere observed, that when a 
delicate piece of mechanism is contrived by the 
hands of man it may be locked up and preserved. 
But the most delicate textures of the living frame 
stand distinguished, above all, by this quality, 
that if they be not put to use, they very quickly 
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degenerate. Not only is the faculty of action 
lost by inaction, as every one must be aware takea 
place in the Ainctions of his own mind, and in 
the exercise of his senses, but the texture of the 
organs quickly degenerates. If by accident a 
limb should lose certain movements, the muscles^ 
nerves, vessels, which nature intended to be sub* 
servient to these motions, become in a few weeks 
or months so wasted that they are hardly recog- 
nizable by the anatomist. If we apply thiat 
acknowledged principle to the spine, and tako 
along with us that the texture of bone, cartilage^ 
ligament, tendon, muscle, all the parts which 
e^ter into its structure and are necessary to its 
perfection, however varying in solidity or compo- 
sition, retain their perfection by being exercised, 
we shall readily perceive the effect of confinement 
on young females. Without any positive disease, 
but from being over-educated in modes which 
require sedentary appUcation, the spine becomes 
weak and loose in texture, and yields to the pre- 
vailing posture, whatever that may be. We men- 
tion this because it is a principle important in 
every consideration to each individual, and appli- 
cable to both body and mind. 

The French philosophers have entertained the 
notion that the central parts of all animals are 
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in tlieir cMHlgmfioiytdabt Urn 
uiusuutiMJHre scvbyect to Twiety---^ tfaoorj pwt^ 
adaitted hj same eminent plq^mlogurta a m o ng 
onrsdives, and wiach mtEodbnea obaenzify and hgn 
pottieaea into one of tke moat renuRkaUe pnofii 
of d^ign. Dr. Boget, in hia excdknt 'Bridge* 
water Treatiae/ Imub talcen np tiuB idea. 
. A spinal mamyw bek>ng« to tke whole of the 
rertebrated claaa of amnmli ; and the spinal 
marrow must be protected by bone : aeoonHngly^ 
as the prineipal vme of tbe spine is permanent^ 
so must its form be. Yet whatever there i& s 
dhiange in the aetioA, or rather in the play of tiie 
ipine^ we £nd the irertebrae coi^omMble. Thus 
the motion of a fish through the water results 
from a lateral morement of tilie tail Mid q^ne ; 
but were the constituent bones formed like those 
(^ other animals <d the sam^ class, the lateral 
or transrerse processes of the vertdbrae woidd 
interfere with this motion: they sure tiierdPoie 
remored, and in order to give strength to the 
chain of bones^ the lE^inous processes are pre* 
longed towards the back^ and corresponding pvo>- 
cesses project towards the viscera. In the cetacean 
as the whale and dolphin, &c., the position of the 
tail is reversed; it lies out horiaontally; and the 
vertebrae correspond These animals must rise to 



Digitized 



by Google 



OF Tsz senffE. 2SB 



to ndfe diem eadljrtadie msoESme; aprooC if »7 
were waaited, tlwt tiie spiae^diie very centre ^ 
the iqritem, is aoecmiiBodsted to tfae mam^^^ 
of respitation. 

The tail of asiimals k the p9ok»gatioii of tiie 
spine. But it seems extraordiaunrj that any osie 
should make this the ground of an hypothesis^ 
that when parts are repeated, they become more 
and more imperfect as they recede from the cen- 
tre. It is however referred to in view, because 
the bones constituting the tail become smaller 
and rounder, and terminate in cartilage in which 
there is no bone. Is it not, on the contrary, ob- 
vious that the tail of animals is constituted for 
its proper purpose, firm towards Ihe root, with 
muscles to play it in all directions, and less firm 
and more elastic towards the end to carry the 
brush ? Can anything be better adapted to such 
purposes ? Would it be more perfect if there 
were vertebrae instead of round bones joined to- 
gether ? In short, corresponding as this part does 
with its uses, sometimes as a brush to curl round 
the animal and be a mantle for warmth, some- 
times as a rudder in running, sometimes as a fan, 
and always reaching where the ear or the tongue 
cannot reach — ^must all the obvious provisions be 
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lost sight of in the consideration that animal 
bodies are constituted so imperfectly^ that if a 
part like a vertebra be formed in the centre^ re- 
peated or prolonged, each link> as it recedes from 
the centre, must become less and less perfect, 
degenerating from what is presumed gratuitously 
to be its original form ? 
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VII. 

OF THE THORAX AND MECHANISM OF RESPIRATION. 

Our author might havo made more use of the 
thorax as affording proofs of his great argument. 
We have here represented the spine, breast-bone, 
and ribs, as the anatomist articulates them. Were 
he to make a skeleton in this fashion, it would 
be fragile in an extraordinary degree, compared 
with the natural body ; and if the skeleton fell, it 
would inevitably be broken. Let us see, then, 
what gives protection to the bones in the na- 
tural body. The celebrated John Hunter was 
much engaged in showing by what means elas- 
ticity came in aid of the muscular power, both in 
the textures circulating the blood, and in those 
ministering to the play of the lungs. We may 
observe how the same principle conduces to the 
protection of the ribs as well as assists their 
motion in respiration. 

The anterior part of the rib (/) which ekes out 
the rib (F G) and joins it to the breast-bone (C), 
is formed of elastic cartilage; and the rib having 
a free articulation behind to the spine, it results 
that each rib is possessed of elasticity. The ana- 
tomist making no proper substitute for this in 
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This drawing has beefb taken inm an artificial skeleton, irhich 
is seldom artienlated correetiy. The ribs do not lie here in » 
natural position ; or, if ever they were placed so in the living body, 
it conld only be in violent inspiration, whenthey are raised to the 
very utmost'-rLThis figure is re&»nei to lutp. 187 ef VoL I^ but 
the Number of the Appendix is called Vll. instead of VI.] 
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the artifieiid skekton, the bone bceaka eanHy, Mke 
a pieee of chiBa. We hare another proof in tha 
ixatural body oS the necessity for ekctkity. We 
before observed that a chM, radb and ansteaify^ 
18 liable to a thousand aceid^nts to which those ^ 
nmturer yemrs are not exposed. Now, during all 
the active years of USe, the whole textures of the 
frame, and especially of the thorax, both l)one 
and cartilage, possess elasticity, corresponding 
with the hazards to which youth is subject.* in 
short, ihe child falls and suffers no injury ; wh^i 
an old man, striking his ribs upon the cornar of 
the table^ has them fractured. But let us observe 
the effect of elasticity in the act of respiration. 

The ribs do not move to accommodate them- 
selves to the motions of the lungs, but by moving 
draw the kings after them, and cause their expan« 
sion. The interstices of the ribs being filled up> 
and a sej^nmi closing the thorax below, the en- 
largement of the cavity pemstts the liimgs to be 
expand^ by the weight of the atmosphere, the 
air entering them through the windpipe. We at 
once see the importance of the motions of the ribs, 
for the expansion of the chest and the play of the 
hings. Our audior has, however, omitted an 
essential part dTthis interesting suhject. He hssa 
shown that the oblique position of the ribs isf 
necessary to iiMipiratkm, and that, by the rising of 
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the anterior part of the rib> the breast-bone is 
thrust forwards and the cavity enlarged. But the 
rib has a double motion. It has a motion on its 
own axis. Suppose a line drawn through the 
two extremities of a rib, which would represent 
the string of a bow, that string is stationary, while 
the bow, representing the rib, revolves ; thus the 
rib, by having its anterior extremity depressed 
and revolving as it is raised, enlarges the trans- 
verse diameter of the thorax as well as the ante- 
rior diameter. In this action the cartilage in 
front is twisted ; and the torsion of this elastic 
matter affects the muscular action in the manner 
following. 

We have understood the act of respiration to 
be essential to life, and that the expansion of the 
chest dilates the lungs, gives freedom of circula- 
tion through them, and decarbonizes the blood. 
It is interesting, therefore, to see how a property 
of dead matter, elasticity, becomes a guard upon 
life. Every one must feel that it is easier to expire 
the air than to inspire it ; and if we can imagine a 
person fidnting, or in any mode in danger of death, 
(the very word expiring, in its common sense, 
implies that the last act of life is the expulsion of 
the breath,) if the elasticity tends to enlarge the 
chest, it must tend to the preservation of life, 1^ 
restoring the circulation through the lungs. This 
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is exactly what happens from the elastic 6tructtire 
of the whole compages of the chest. The elastic 
property preserves the chest in a middle state. 
The muscles of inspiration act against the elas- 
ticity : the muscles of expiration also act against 
it : the elasticity tends, therefore, to maintain an 
intermediate state of dilatation of the thorax ; 
and accordingly the lungs are preserved in a 
condition to perform their ftmctions for a certain 
period at least, after the vital t^tCtions would have 
ceased through the muscles, had there been no 
such structure. 

The great physiologist whom we have already 
mentioned, John Hunter, taught that when one 
part performed two functions, there was neces- 
sarily an imperfection. We have now the most 
suitable opportunity of controverting that posi- 
tion : for this texture of the thorax is subser- 
vient to many different functions. There is no 
imperfection evinced in the organ of smelling, 
because in order to draw in the odoriferous 
effluvia and make them pass over the olfactory 
nerve, we use the lungs. Nor do we expe- 
rience any material interference with respir- 
ation, because we enjoy the power of speech 
though an impulse given to the air in expiration. 
Further, let us attend to the form and expan- 
sion of ihe chest as conducive to the motion and 

VOL. II. N 
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streBgth of the arm and hand. The motions 
of the superior extremity result firom muscles 
which lie upon the chest ; and were it not for the 
expansion of the chest, from the contained atmos- 
pheric air, these muscles would not act with suffi- 
cient power, or a substitute must have been 
found either of projecting bones, or of some solid 
texture, to afford lodgment and attachment to 
these muscles. 

Then, again^ considering man in his natural 
condition, the chances of life would run against 
him if he were incapable of floating upon water, 
or if the atmospheric air in his body were not 
anterior to his centre of gravity. The force <rf 
this argument will be understood when we re- 
member that the air contained within the lungs^ 
after a man has made an inspiration, amounts to 
three hundred and thirty cubic inches. 

Looking to the means of guarding life, nothing 
can be more important than the condition of the 
lungs, in respect to the atmospheric air within 
them. The sensibility, and the rapid contraction 
of the glottis, which is at the mouth of the res- 
piratory tube, is for the purpose of arresting any 
foreign matter afloat in the atmosphere which 
might be drawn in by the stream of inspired air, 
and so reach the recesses of the lungs. But wersc 
this all, the office would be but half p^fcnrmed. 
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The foreign body woidd be arrested; but how 
would it be expelled if it lodged ? In common ex- 
piration the £ur is never expelled altogether from 
the lungs: there is enough retained to be pro- 
pelled against this foreign body, and to eject it. 
And, but for this, the sensibility of the glottis, 
and the actions of the expiratory muscles, would 
be in vain ; we ^ould be suffocated by the slight- 
test husk of seed, or subject to deep inflammation 
by the collection of foreign matter drawn into the 
air-tubes. 

We may here observe, that the instinctive 
actions for the protection of the body are cal- 
culated, if we may say so, for the natural con- 
dition of man. The manufacturer is sometimes 
removed from that condition ; and our invention 
must be taxed, not only to maintain the purity of 
the atmosphere in which he works, in a chemical 
sense, but to arrest, or convey away, the small 
portions of material which may be thrown off by 
the operations of the flax-dresser, for example, 
in heckling, or of the cutler, whose occupation it 
is to grind the jsteel after the instrument is forged, 
or of the stone-cutter, &c., and so to prevent those 
particles being inhaled. The length of the pas- 
sages which lead to the lungs, the sensibility and 
muscular apparatus bestowed upon them, and the: 
mucous secretions thrown into them, are the na- 

n2 



Digitized 



by Google 



268 NATURAL THEOLOGY. 

tural means by which foreign matter is arrested 
and thrown out. But in these artificial condi- 
tions of men, insoluble particles are continually 
floating in the atmosphere which they breathe ; 
these are drawn in and lodge in the lungs^ and 
irritate to disease. 

The reader will find that the following extract, 
firom a paper upon the actions of the windpipe, 
illustrates the present subject *. 

'' We read that the trachea is formed of im* 
perfect hoops of cartilages joined by membranes, 
and that it is flat on the back part for these 
reasons ; that it may be a rigid and free tube for 
respiring the air ; that it may accommodate itself 
to the motions of the head and neck; and that it 
may yield in the act of swallowing to the dis- 
tended oesophagus, and permit the morsel to 
descend. This is perfectly correct : but there is 
a grand omission. Whilst all admit that a copi- 
ous secretion is poured into this passage, it is not 
shown how the mucus is thrown ofi*. 

" There is a fine and very regular layer of mus- 
cular fibres on the back part of the trachea, ex- 
terior to the mucous coat, and which runs from 
the extremities of the cartilages of one side to 
those of the other. This transverse muscle is 
beautifiiUy distinct in the horse. 

* Philosophical Transactions. 
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$ 

" When a portion of the trachea is taken out, 
and every thing is dissected off but this muscle, 
the cartilages are preserved in their natural state, 
but the moment that the muscular fibres are cut 
across the cartilages fly open. This muscle, then, 
is opposed to the elasticity of the cartilages of the 
trachea. By its action it diminishes the calibre 
of the tube, and by its relaxation the canal widens 
without the operation of an opponent muscle. 

*' The whole extent of the air-passages opens 
or expands during inspiration, and then the tra- 
chea is also more free; but in expiration, and 
especially in forcible expectoration and coughing, 
the trachea is diminished in width. The effect of 
this simple expedient is to free the passage of the 
accumulated secretion, which, without this, would 
be drawn in and gravitate towards the lungs; 
When the air is inspired, the trachea is wide, and 
the mucus is not urged downwards. When the 
air is expelled, the transverse muscle is in action, 
the calibre of the tube is diminished, the mucus 
occupies a larger proportion of the canal, the air 
is sent forth with a greater impetus than that with 
which it was inhaled, and the consequence is a 
gradual tendency of the sputa towards the top of 
th^ trachea. In the larynx the same principle 
holds ; for as the opening of the glottis enlarges 
in inspiration, and is straightened in expiration; 
the sensible glottis, by inducing coughing, gets 
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rid of its encumbrance. Without this change in 
ihe calibre of the trachea, the secretions could not 
reach the Upper end of the passage, but would 
fall back upon the lungs. 

" Experiments have been formerly made by M. 
Favier, which, although no such view as I now 
present was then in contemplation, prove how the 
action of the transverse muscle tends to expel 
foreign bodies. The trachea of a large dog being 
opened, it was attempted to thrust diflferent sub- 
stances into it during inspiration, but these were 
always sent out with impetus, and could not be 
retained. Why the dog could not be thus suffo- 
cated is apparent : the tube is furnished with thk 
most salutary provision to secure the ready ex- 
pulsion of all bodies accidentally inhaled — the air 
passes inwards by the side of the foreign body, 
but, in its passage outwards, the circumstances 
are changed by the diminished calibre of the 
canal, and the body, like a pellet filling up a tube, 
must be expelled by the breath." 

We have, perhaps, pushed the inquiry far 
enough ; and yet the interest might be increased 
by observing the manner in which the textures of 
the ribs are accommodated to variations in the 
mode of respiration, or to the necessity of the ani- 
mal expressing the air from the lungs in diving. 
We have seen how the thorax is expanded in 
birds to the whole extent of the body, for obvious 
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reasons ; and the counterpart of that is presented 
where the animal^ instead of being buoyant in the 
atmosphere, has to dive into the water and crawl 
at the bottom — not at great depths, but yet under 
water, in shallow pools and marshy places. The 
frog has no ribs; and its mode of respiration 
shows a complete change from that of animals 
which breathe with a diaphragm. It has the 
power of compressing its body, and expelling the 
air from the lungs ; and were it not for this, the 
animal would remain on the surface of the water 
as when cruel boys blow them up with a straw. 
The crocodile and other saurian reptiles have their 
ribs accommodated so as to produce a similar 
eflfect, and for a similar purpose. Instead of the 
arched form of the ribs, which we have described 
as capable of a slight change of figure only, they 
have ribs composed of distinct pieces, and jointed 
in such a manner as to enable them to compress 
the chest into a smaller volume. 

We have a sort of exposition of the uses, 
if not the necessity, of respiration to the voice, 
in observing by what substitutes sound is pro- 
duced, for example, in insects, which do not 
breathe by Iqngs. And indeed, the same con- 
sideration suggests the inquiry as to the means 
by which the atmosphere is agitated, in the same 
class of animals, in subservience to the sense of 
smelling. 
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VII. 

THE SUBJECT CONTINUED WITH REFERENCE TO THE 
CAPACITY OF THE CHEST, AND ITS CONDITION 
DURING BODILY EXERTION. 

We must approach this part of our subject by 
the consideration of that law of fluids which ap- 
pears, at first, so contradictory as to be called the 
" hydrostatic paradox/' 




Suppose a machine formed of two boards of 
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equal diameter^ and joined together by leather 
nailed to their margins like a pair of bellows : a 
hole is made in the upper board into which is in- 
serted a tube. Now, if a person mount upon this 
apparatus when it is filled with water, and blow 
into the tube, he can raise the upper board, car- 
rying himself upwards by the force of his owli 
breath — indeed, by the power of his cheeks alone. 
It is on the same principle that, when a forcing 
pump is let into a closed reservoir of water, it 
produces surprising eflfects. The piston of the 
hydraulic press being loaded with a weight of one 
pound, the same degree of pressure will be trans- 
mitted to every part of the surface of the reservoir 
that is give;! to the bottom of the tube, and the 
power of raising the upper lid will be multiplied 
in the proportion that its surface is larger than 
the diameter of the tube. Or, to state it con- 
versely : suppose we had to raise the column of 
water in the tube by compressing the reservoir, it 
would require the weight of a pound on every 
portion of the superficies of the reservoir equal 
in extent to the base of the piston, before the 
water coidd be raised in the tube. If the appa- 
ratus which we have described were full of air 
instead of water, we should witness a similar effect; 
for all fluids, whether elastic or not, press equally 
in aU directions; and this is the law on which the 
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phenomenon depends. If we blow into the no^ 
of a common pair of b^ows, it is surprising what 
a weight of books we can heave up if laid upon 
its board. 

Understanding, then, that the power of the 
hydraulic press, in raising the lid, depends on the 
size of the reservoir, and its relation to the tube ; 
and again, that in pressing the fluid up through 
the tube, the pressure upon the sides of the reser- 
voir must be the greater the larger the cavity, we 
can conceive how a glass-blower propels the air 
into his blow-pipe with great ease, if he blows with 
the contraction of the cheeks, the smaller cavity ; 




but with an exhausting effort, if he blows by the 
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compression of the larger cavity, the chest. Dr. 
Young made a calculation, the result of which 
was, that, in propelling the air through a tube of 
the same calibre, a weight of four pounds operat- 
ing upon a cavity of the size of the mouth would 
be equal to the weight of seventy pounds pressing 
upon a cavity of the dimensions of the chest.* 

Let us see how beautifully this hydrauUc prin- 
ciple is introduced to give strength in the common 
actions of the body. We have remarked that the 
extension of the superficies of the thoi*ax is neces- 
sary to the powerfiil action of the muscles which 
lie upon it ; and these are the muscles of the arms. 
We must all have observed, too, that in prepara- 
tion for a great efifort, we draw the breath and 
expand the chest. The start into exertion, and 
of surprise, in man and animals, is this instinctive 
act. But unless there were some other means of 
preserving the lungs distended, the action of those 
muscles which shoidd be thrown upon the arms. 



* The actiun of one who uses the blow-pipe is rather curious. 
The month is distended with air, and the passage at the back of 
the mouth closed ; the man breathes through the nostrils, but, 
from time to time, admits a portion of air into the mouth in expi* 
ration. The piessure into the blow-pipe is from the distensiun 
and consequent elasticity of the cheeks, occasionally assisted by 
the buccinator muscle, or trumpeter's muwle, so called because it 
comprei-ses the distended cheeks. In this way the stream of air 
through the blow-pipe is kept up uninterruptedly, whilst the man 
breathes freely through his nostrils. 
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wo\ild be wasted in keeping the chest expanded. 
It is here, then, that the principle which we have 
'noticed is brought into play. The chink of the 
glottis, which the reader has already understood 
to be the top of that tube which descends into the 
lungs, is closed by a muscle not weighing a thou- 
sandth part of the muscles which clothe the chest ; 
and this little muscle controls them all. A sailor 
leaning his breast over a yard-arm, and exerting 
every muscle on the rigging, gives a direction to 
the whole muscular system, and applies the 
muscles of respiration to the motions of the trunk 
and arms, through the influence of this small 
muscle, that is not capable of raising a thou- 
sandth part of the weight of his body : because 
this little muscle operates upon the chink of the 
glottis, and is capable of opposing the whole com- 
bined power of all the muscles of expiration. It 
closes the tube just in the same way that the man 
standing on the hydraulic bellows can with his 
lips support his whole weight. Thus it is that 
the muscles which would else be engaged in di- 
lating the chest are permitted to give their power 
to the motions of the arms. 

Some cruel experiments have been made, and, 
for whatever intended, they illustrate the necessity 
of closing the top of the windpipe during exertion. 
The windpipe of a dog was opened, which produced 
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no defect until the animal was solicited by his 
master to leap across a ditch, when it fell into the 
water in the act of leaping ; because the muscles 
which should have given force to the fore-legs lost 
their power by the sudden sinking of the chest. 
The experiment is sufficiently repugnant to our 
feelings ; and I need not offend the reader by 
giving instances in fiirther illustration from what 
sometimes takes place in man. 
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VIII. 

THE RELATION OF THE BODIES OF BIRDS TO THE 
ATMOSPHERE. 

The first object noticed in Chap, xvn, is the wing 
of a bird ; and this is given as an instance of the 
relation of the animal body to the elements by which 
U is surrounded. We entreat our readers' atten- 
tion to the philosophy of this subject. And let 
us not be contented with admiring the structure 
of the feather, or the adaptation of the bones of 
the wing to their office, but let us go deeper into 
the inquiry : it is a subject which will reward us. 
Let us take it for granted that a creature is to 
live by the exercise of the same functions with the 
races of mammaUa or quadrupeds, as digestion, 
assimilation, respiration, &c. ; but that it must rise 
in the air and seek its food by long flights. What 
are the circumstances necessary to this new con- 
dition ? Is it not obvious that the creature must 
be specifically lighter or more buoyant in the at- 
mosphere ? — ^that instead of its muscular system 
being divided and directed to the movement of 
four extremities, it must have its strength princi- 
pally directed to the wings, that it may extend 
them and be able to raise its body upon them ? 
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Let us then see how this is accomplished^ and how 
the original animal economy is interwoven with 
an entirely new machinery of motion. 

The first object will be attained by enlarging 
the body of the bird, without increasing the 
weight in anything like the same proportion — 
and one very obvious means will be found in 
extending the trachea or windpipe. In examin- 
ing the tame and wild swan, the most careless 
observer will detect the provision for flight in the 
latter, by the conformation of the windpipe which 
is curiously convoluted within the sternum or 
breastbone. 




This sketch from the male crane will illustrate 
what we mean. The light and hollow air-tube 
fills a space in the interior of the bone, by which 
the surfaces are extended for the attachment of 
the muscles of the wings, and thus two objects 
are attained through it. 
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In attempting to explain the reason of such 
deviations from the common forms of parts^ we 
are liable to fall into the same mistakes as we 
find occasionally in commentators on the Sacred 
Volume. Were we seeking for the varieties of 
the organs of voice, we might here start to the 
conclusion that we had found in the animal body 
a complex instrument resembling a trombone or 
Siberian hunting horn; but by further inquiry 
we should discover that some of those birds that 
have the most complex and varied windpipe have 
no cry at all. 

But there is a still more curious provision for 
the extension and magnitude of the body of a 
bird, independently of weight. In birds the air 
does not only pass into their lungs, but through 
them, so as to fill a series of air-cells, composed 
of fine membranes which are interwoven with all 
the viscera. The heart is surrounded by such a 
cell. Two great cells are attached to the Uver, 
and in the same manner are all the viscera of the 
abdomen interspersed with air-cells, and these 
all communicate. The air thus admitted into 
the interior of the body, extends even into the 
bones. Naturalists have mistaken the end of 
this structure when they have represented it as a 
developement of the respiratory organs. It is 
not to make the function of respiration more 
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perfect that the air enters so extensively into 
the body ; as a proof of which, the air in the bones 
of the head is supplied through the nasal cavities 
and Eustachian tubes, independently of the lungs 
altogether *. 

Mr. Hunter has shown us, that in many birds 
the internal air-cells communicate with the ex- 
terior cellular membrane, especially in the neck 
and axilla, which marks an analogy with the air- 
cells under the skin of the bat. Winged insects, 
too, have their bodies extended by air-cells 
communicating with their respiratory apparatus. 
These facts sufficiently evince the object of Na- 
ture in this extension of the air-cells ; that it is 
not for the purpose of breathing, but for enlarging 
the volume of the body without increasing the 
weight. 




* Mr. Hunter's « Animal Economy,* 
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We must observe the very pecuUar mechanism 
of the bird's respiration. The breastbone or 
sterwum, a, runs the whole len^h of the animal's 
body, and the great central spine of that bono 
called the keel, rises from it, so as to give lodg-. 
ment and attachment to the great muscles of the 
wings. It will be easily understood how natural- 
ists distinguish birds of passage by the size of 
the keel (crista), since its greater prominence 
implies strength of wing for long-continued flight. 
Under the breast-bone, and between it and the 
backbone, we perceive the space occupied by air- 
cdls. The lungs, b, lie behind ; and by the motion 
of the bone a, like a great bellows, the air is drawn 
through the limgs, and through the windpipe, c, 
into the cells d, e ; at once eflfectually oxygenat- 
ing the blood in the lungs, and renewing the air 
within the recesses of the body. 

The next thing remarkable is in the vertebrae 
of birds — ^for the backbone is in its constitution 
•unlike that of man or quadrupeds. The back is 
firm and the caudal extremity loose and move- 
able. The first is obviously intended to give 
a fixed origin to the muscles of the wing, and the 
second to afford motion to the tail. It is by the 
wings they raise or propel themselves, and by the 
tail they direct their flight. We need hardly add 
that there is a change in the centre of gravity 
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compared with that of ammals ; in birds the centre 
is between the wings. 

If our reader has followed us in these details, 
he will acknowledge that there cannot be a more 
curious instance of a change and adaptation of 
the whole system of the living body to the ex- 
ternal elements, than is to be found in the system 
of birds. 
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IX. 



MECHANISM OF THE EGG, OR REVOLVING OF 
THE YOLK. 

The illustration used in the Preliminary Dis- 
course, of the manner in which the cicatricula, 
containing the chick within the egg, is presented 
to the breast of the hen, requires the following 
diagrams in explanation. 

When we hold an egg steady, and chip it at 
the upper part, we find the yolk close to the shell ; 
and on its upper surface a pale vesicle, the cica- 
tricula, which contains the embryo chick. When 
the hen sits, the heat of her body derelopeft th© 
action of the living principle in the embryo, and 
on the second and third day a little zone of blood- 
vessels appears; these vessels run towards the 
embryo, and carry nourishment to it; and day 
by day we may watch its sensible growth. From 
the delicacy of this action we may perceive how 
necessary it is that the embryo at this early 
period should be close to the breast of the hen, 
and not at the cold bottom of the nest. We shall 
now see how it is accomplished. The yolk is a 
globe of nutritious matter, and the little vesicle 
with the embryo is involved in the surrounding 
membrane, and consequently, as we have said, is 
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at the surface of the globe. If this globe had the 
axis of its revolution thus, in the centre, it would 




not move with the change of the position of the 
egg. But the axis being below the centre, it must 
turn round with every change in the position of 
the egg, whether the globe be heavier or lighter 
than the surrounding white : were it heavier, it 
would revolve so as to bring the embryo to the 
lower part of the shell — were it lighter, to the 
upper part of the shell. It is lighter, and the 
matter stands thus : 




This beautiful apparatus has not been understood ; And in the last 
publication which touches on the subject the yolk is supposed 
to be heavier and to hang upon the chalazse. 
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AA^ is the white of the egg; b, the yolk; cc, 
the treddlet or chalazes ; that tough matter which 
we find in eating an egg little boiled. Each of 
these bodies is connected with the white, and 
attached at a point to the yolt. The yolk being 
as it were anchored at these two points/and the 
attachments being below the centre, and the yolk 
being lighter than the surrounding white, it re- 
volves like a buoy, and the cicatricula containing 
the embryo d is thus kept always uppermost. 

If " the chicken roosting on its perch be related 
to the mass of the globe and the earth itself,*' 
as our author has affirmed, what may we say of 
the revolution going on within the egg? 



Digitized 



by Google 



. TEETH OF ANIMALS. 287 



X. 



OF THE TEETH OF ANIMALS THEIR MECHANICAL 

PROVISIONS. 

The teeth form a subject of much higher interest 
than will at first be readily imagined. There is 
no part of an animal body where * contrivance ' 
is more distinctly demonstrated, or in which a 
resemblance is more obvious between the me- 
chanism of engines and the provisions in the ani- 
mal mechanism. Suppose an instrument were to 
be ingeniously contrived to cut like an adze, or 
to divide like a pair of shears, or to grind like 
a mill-stone, or to hold like a mousetrap*, or to 
tear, — what, after a period of working, would be 
the condition of these machines? Would not 
the edge be blunted — the sharp points become 
rounded — the grinding surfaces smoothed? — and 
would not the teeth of the machine be driven 
deep into the sockets, and so render it wholly 
useless ? But nothing of this kind takes place 
in the teeth of animals. They are perfect for 
their purpose, and, if duly exercised, last the na- 
tural term of life> however the period of n^^ural 
decay may vary in different animals. 
* A» in the guUeft of fishes* 
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To commence with the manner in which the 
teeth resist pressure into the jaw. If we look to 
the teeth of the lion, we find their roots conical 
and socketed, as if a nail were driven in ; and 
so it is in the remarkably strong teeth of the 
hyaena. 




The fi^re represents the back tooth of the Tiger's jaw, which 
closes like the blade of scissar:!. 

Now these animals have powerful muscles, 
closing the jaws with a force to break the 
strongest bone. How is it, then, that the teeth 
are never pressed deeper into the jaw. For un- 
doubtedly this would be the eflFect in an engine 
so constructed by man's ingenuity. The reason 
is, that there is a Uving property in the teeth and 
jaw, by which the former are made to protrude 
from their sockets, in proportion to the pressure 
to which their crowns, that is, their exposed parts, 
are subjected. It is very remarkable that the 
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teeth during their period of growth, notwiUi- 
standing they are exposed to the pressure of 
mastication, will ascend or protrude more and 
more out of the jaw; and when fiilly grown, 
they will remain stationary and on a level, if 
subjecte& to the natural pressure of mastication; 
but without this they will rise too high, project, 
and at last fall out. It is on this principle, that 
if we lose teeth in one jaw, we lose them in both : 
and there are no means of preventing the loss of 
these, but by such mechanical substitutes as shall 
restore them to their due exercise. And yet Na- 
ture modifies the law with perfect ease^ and, as 
it were, at will. Let us take an example : 

The front teeth of the horse are called "" nip- 
pers ; " they meet, and crop the herbage. As the 
horse is a vegetable feeder, he must grind with 
his back teeth, and during this act, the front 
teeth must participate in the grinding motion. 
We shall presently see how they are protected 
against this attrition. But in the ruminant 
animals, those which chew the cud, there is a 
necessity for a more thorough grinding of the 
food, whilst at the same time the front teeth 
must preserve their edge. For this purpose, 
the teeth are wanting in the fore part of the 
upper jaw, and there is only a cushion, which em- 
braces and holds the grass against the edge of 

VOL. IX. o 
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the lower teetk^ so that it is cut as with a sickle^ 
by a smart twitching motion of the head. Thus 
the front teeth undergo no attrition. Now, al- 
though there be no teeth in the upper jaw, those 
below do not rise or become loose, as ihey cer- 
tainly would in man, or in any other animal, not 
of the class of ruminants. This reasoning will be 
more satisfactory than the statement, p. 218. 
Two objects are here attained: — first, that the 
cutting teeth are preserred sharp ; and, in the 
second place, these teeth differ in their condition 
from ours, since they do not rise in consequence 
of wanting opponents. 




llie figure Tepresents the skull of the Bearer, to show the Dature 
of their cutting teeth. 

In the class of rodentia or gnawers, the firont 
teeth must cut with a sharp edge. We know 
how this is contrived in the tool of the carpenter ; 
and we know also that he must from time to time 
apply his chisel to the grindstone. The front 
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teeth of the beaver, the porcupine, and the rat, 
are sharp and yet not blunted by use ; the bone 
of the tooth is the densest possible, consistent 
with the material : but were the whole tooth of 
the same material, it would be ground down uni- 
formly, and the original form of the instrument 
would be lost. Accordingly, a different substance, 
the enamel, which yields more slowly to attrition 
than the bone of the tooth, is, as it were, let in 
on the anterior surface of the tooth. The conse- 
quence is, that the enamel stands up sharp and 
exposed, so as to protect the bone of the tooth, 
and to give the surface which is worn down a 
certain shape, viz. that original shape suited to 
cut like an adze. The attrition and the arrange- 
ment of the material of the tooth so far corre- 
spond, that the cutting form is preserved, however 
much the surface may be worn down. 

Now a tooth cannot grow ; and as we have seen 
that it is wasted by fidction, how is the cutting 
edge to retain its place ? When the steel plate 
of the carpenter's plane is forced in by repeated 
taps with his hammer, he projects the sharp 
edge, and when it is elevated above the plane 
in a just degree, he fixes it there by a smart 
blow on the wedge : but the cutting edge of the 
ehisel-like incisors of the rodentia is still more 
finely adjusted. 

o2 
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In the first place, the tooth is very long, ex- 
tending the whole length of the jaw, and it is of 
a curve not easily described, not partaking of any 
section of a cone ; still it is so adapted that the 
cutting edge meets its opponent tooth, and al- 
though incessantly wasted, it is accommodated to 
the growing jaw. We have said that a tooth 
does not grow. It does not grow like a bone ; but 
sometimes additions are given to it at the root; 
such is the case in this class of animals : the tooth 
of the gnawer is thus pushed on along the jaw, 
owing to the growth taking place at its root and 
in its proper curve : so that the cutting edge is 
protruded in proportion as it is wasted in the 
process of attrition and sharpening. This is a 
mode of growth which takes place in no other 
animal's incisor tooth. 

Let us now observe how the grinding surface 
of the tooth of an herbivorous animal is com- 
posed. It must be rough or irregular, so as to 
catch the grain. A smooth millstone, for ex- 
ample, would not bruise the grain into meal. 
The burr-stone, accordingly, is nought for the 
nether millstone. This stone contains small por- 
tions of feldspar, imbedded in a softer material : 
and thus^ however the surface may be ground 
down, the harder material, by yielding less easily 
to friction than the softer, projects above tln^ 
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general level^ and preserves a roughness of the 
surface even whilst it is yielding. It is exactly 
so with the tooth of a graminivorous animal. It 
is composed of alternate layers of the hardest 
bone, or rather of ivory, and a denser material 
still, the enamel. The consequence of this in- 
equality in the composition is, that notwithstand- 
ing the surface of the tooth is worn down, the 
roughness is preserved. 




The figure represents the molar tooth of the hone, and eiddbits 
the roughness of its upper surface, and the depth of the body 
of the. tooth in the jaw commensurate to the pressure it bean. 
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There is something curious too in this irre- 
gularity, showing that it is as far as possible from 
accident. The lines of enamel which stand up 
differ in their arrangement according to the 
motion to be given to the jaw. In the horse 
and cow, these ridges run parallel with the jaw, 
and consequently lie across the direction of the 
motion of chewing, which is from side to side. 
In the rodentia, on the other hand, the line of 
the enamel of the grinding teeth runs trans- 
versely to the jaw; and in mastication, the jaw 
is drawn backwards and forwards, not laterally. 
This original composition of a grinding tooth is, 
therefore, superior to the best millstone. The 
roughness, which is so like a thing accidental, is 
found to proceed from an arrangement in ac- 
cordance with the motion of mastication. It 
might, in like manner, be easily demonstrated, 
that there exists a similar accordance with the 
form of the jaw and with its articulation; but 
the instances already given of adaptation may 
suffice. 

Before leaving the subject of the provisions 
against the wasting of the teeth by friction, there 
are one or two circumstances of a very interest- 
ing nature to be noticed. The elephant is a 
graminivorous animal, and requires to grind its 
food very thoroughly. What then must be the 
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provision in ihe grinding tooth of ihia animal 
to withstand the power <^ its jairs ? We find 
the teethe in £Eiet, formed of three substances^ 
and^ we may say^ of a structure superior to the 
teeth of the lesser graminivorous animals^ of 
course admirably suited to resist the action of 
chewing. But there is a circumstance peculiar 
here. Although the matter of the tooth once 
formed does not change, an alteration in the 
position of the tooth in the jaw may produce a 
similar result. When the great grinding tooth 
of the elephant appears first above the jaw, the 
anterior corner only projects : but as that be- 
comes worn down, the tooth, by revolving on 
its centre, presents in slow, but regular suc- 
cession, more and more of the surface, guarded 
with new plates of enamel, until it is at last 
worn to the roots. Here, then, we have a new 
and extraordinary provision against attrition in 
the teeth of an animal which lives to a great 
age. The structure of the tooth itself has a very 
large proportion of enamel, in dense and regular 
ridges : but as if the material of the teeth could 
be brou^t to no greater perfection to withstand 
the chewing, it is " contrived,^ for we have licence 
for such language in our author, that the tooth 
itself shall undergo a revolution, not being simply 
elevated from the jaw, but turning on an axis. 
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There are other modes in which Nature coun- 
teracts the wear and tear of the engine ; and the 
provision which we have now to mention supplies 
not only a substitution of more perfect teeth 
for those that are injured, but teeth of a size 
as well as form suited to the growing jaw. In 
the crocodile, for example, the teeth are conical 
and sharp ; but if not worn, they must be torn 
away, and there is a necessity for a succession. 
It is thus provided: under the exposed tooth, 
there is another one lodged, of the same shape ; 
and under that, a second and a third. Each 
tooth, as it is deeper in the jaw, is larger in its 
base, and longer and stronger. So it happens, 
that when a tooth is torn off, it is only the un- 
capping of a sharper and a stronger tooth. 

The same end is attained differently in other 
creatures. In the rays, such as the skate, and 
in the shark, the succession of the teeth is still 
more curiously managed. The jaws resemble 
a part of a cylinder, studded with many rows 
of teeth. The teeth of the outermost row being 
in use are liable to be torn off or worn down ; 
when this occurs, their places are supplied by a 
revolving of the solid base on which the teeth are 
studded, and the posterior ranges advance in 
succession. Here, then, we not only find sharp 
and cutting teeth, like those of a saw : but, cor- 
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Iresponding with the boldness and voracity of 
the animal^ we see a provision for their rapid 
-.renewal. 

It is interesting to see how the same class of 
parts may be modified, and yet retain their ori- 
ginal destination of supplying the stomach with 
. food, and preparing it for digestion. What teeth 
could we suppose suited for the whale ? Now the 
largest species of whale feed upon a small mol- 
luscous animal which abounds in the northern 
ocean. The teeth are here, we may say, con- 
verted into a substance like horn ; with which we 
are familiar under the name of whalebone. They 
consist of plates of this whalebone attached to the 
upper jaw, and placed in rows on the outer mar- 
gins. Their loose edges terminate in a fringe, 
as if the plates were split and teased into shreds ; 
and this is undoubtedly for the purpose of retam- 
ing the small fry, while the water is drained 
through their interstices. 

In this curious apparatus there is, of course, no 
necessity for great strength in the jaw, nor for 
very powerful muscles to move them. The head 
of the animal needs not, therefore^ be denser in 
its texture, nor less buoyant than the rest of the 
body. What would be required, if any of the 
species had jaws or teeth at all corresponding 
with their size ? They^ coidd not lie horizontally : 

o3 
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their head would, firom its weight, be depressed, 
and their tail elevated towards the surface of the 
water. We need not, however, strain our inge- 
nuity to say what would be required ; for Nature 
has demonstrated how this defect is to be reme- 
died. Hie spermaceti whale, which ha^s teeth, 
has also cavities in its head filled with a mate- 
rial nmch lighter than water, the spermaceti; 
and this counterpoises the weight of the teedi 
and jaws, and restores the equililnium of this 
cetaceous animal. 

We have, perhaps, said enough on this part of 
our subject. Bijrt; as we have seen how strangely 
the teeth vary, to be adapted to their office of 
cutting and grinding, we may observe that they 
are sometimes adapted to different purposes. 

The common] classification of the teeth is into 
incisors, eanine, and molar or grinding teeA. 
Let us [take our example firom the eanine teeth. 
In man, they are of great length and stxcaigdi : 
their fangs prcgect deep into the upper jaw; 
they are called the eye-teeth; and they tend to 
sustain and give strength to the range of the in- 
. dsors. In the carnivorous animal, they are 
trailed ''lamarii;" they are for tearing and hold- 
ing; for which purpose, there is a correspondeBce 
between them and the hooked claws. 

Ihe tusks of the ^ephant are of Hds elass; 
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The figure of the lower jaw of the Tiger. 

aad hetweesBL tlnese, liie tender tronk is protected. 
In the boar^ tlie canine teeth prefect, and become 
powerful instrumentfi^ not for biting, or holding, 
or tearing, but for rending or rather cutting: 
that is, the whole force of the animal in its rush 
is directed to give eflFect to the tusk. So little 
are the tusks calculated for biting, that the tusk 
of the lower jaw closes in upon that of the upper 
jaw, so as to support its base, and to give it 
strength commensurate to the power and im- 
petus of the animal. But we must not suppose 
that the tusks are solely for the purpose of 
offence. The strength and the power of the 
neck of the boar is mainly for the purpose of 
ploughing up the earth and rooting up herbs by 
means of its tusks. 
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In some animals, as the babyroussa, this tooth 
rises and twists so as to make it at first sight 
appear useless. Certainly the tusk is neither 
for holding, tearing nor masticating; yet it is 
not useless. This animal escapes from his ene- 
mies by the facility with which he rushes through 
the brushwood ; and these teeth are curiously cal- 
culated to bear aside the branches and to protect 
the eyes. 

In other animals, as the walrus, the canine 
teeth of the upper jaw become tusks, but project 
in an opposite direction to those of the elephant 
They enable the animal to raise itself out of the 
water, by holding on upon the rock or iceberg, 
as the parrot steadies himself by the bill. 
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XI. 

THE SUBJECT PURSUED WITH REFERENCE TO THE 
FORMATION AND GROWTH OF TEETH. 

Seeing how admirably these instruments have 
been adapted to their several uses, the reader 
must be curious to know how they are produced — 
how they are manufactured with so fine a "pro- 
spective contrivance." Three different substances 
are exposed on making the section of a tooth ; 
viz. ivory, or the bone of the tooth — the enamel, 
which is very hard, and breaks with a vitreous 
fracture — and a substance differing in some re- 
spects from both, and which EngUsh anatomists 
have called crusta petrosa, and Cuvier cement. 
These three substances are not formed in every 
tooth. Some teeth consist entirely of the bone 
or ivory, as those of the porpoise and bottle-nosed 
whale. In man, and in the carnivorous animals, 
the bone is covered with enamel, and in the grami- 
nivorous and ruminant animals, all three sub- 
stances are found. 



In the chapter on bone, it has been shown that 
its texture must be loose to admit blood-vessels ; 
for bone is nourished and undergoes changes 
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through the influence of the circulating blood 
in it. But the almost stony density of the teeth 
does not admit of circulation within them; yet 
they possess life^ and through that principle are 
in union with the gum and jaw. A dead tooth, 
however pure and perfect, when thrust into the 
sodcet of the jaw, renuns there no kmg^ ihuL 
would a peg of wood or of metal. It canses ib- 
flammation uid pain, and is thrown cut. 

It would be a difficult qaestkm for those who 
fionsider life to be the resuk^of organizaiitioii t0 
solve, how a principle of life i^ould exist for m 
term of years, giving rise to a sympathy smi 
UDMm with the jaw, in a part like the bone oi a 
tooth, which has neither whaJt they caH OTganisa- 
tion nor any circulstion of blood in it. Htsm 
we have one of those inscrutable qualities cf 
life whidi makes physiology a seienoe dtstmet 
from all others; and it is an example of ibett 
being adaptaftums £ur more adsQinUe than merely 
mechanical ap|diaDce& 

But we were about to show how the diSeremt 
pc^rtions of a. tooth are fianned. In the jaaw of 
the young animal a sac is discov^»d, iM^dch con- 
tains the rudiments ^ 4he tooth. On opening 
the sac, we think we see the tooth, but it is cmly 
a body of the fom of the crown ai the tooth* aad 
is sofit to the tomch. This is caUed the palp dP 
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the toofli; alAougli pale at first, at a stated 
period it l)ecomes full of blood, and then the 
bone of the tooth begins to be formed; and now, 
on touclmg it, we can lift from it a delicate 
shell, which is at once of the form of the pulp, 
and of the perfect tooth. The process thus be- 
gun is completed by the secretion of successiTO 
strata from the surface of the pulp, until the bone 
of the tooth, which was at first a mere scale, 
becomes a dense body, with a small cavity and 
tube leading to it; and the pulp, which was of 
the size and shape of the tooth, shrinks to a 
mere dired, containing a nerve and vessels. 

Tlius Ihe original use of the pulp is dianged : 
but it remains, serving an important purpose; 
for by suslBining a sensible nerve within the 
toolii, it extends a degree of protection to it. 
The teeth arc sensible to what we masticate; 
they are sensible to the smaHest particle of 
«and, and so are they to the degrees of heat. 
This sensibility is necessary to their protection, 
and to the continuance of iitefa vitality, yet the 
vennbilityis not in the jmbstance of the tooth, 
but in the nerve within ; .and die denrity of tex- 
ture of the tooth becomes a medium iJiiough 
iidnch both medianieal vibration and heat are 
i«adfly communicated to the nerve. 

We have seen how the bone of the tooth is 
secreted by the pulp. The enamel is formed 
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differently. The sac, wliich covers the whole 
pulp and rudiments of the tooth, has a fine orga- 
nization, as displayed by the art of the anato- 
mist, and its inner sur&ce throws out a fluid 
which, falling on the surface of the bone of the 
tooth, (already formed by the pulp,) there con- 
cretes, or undergoes a species of crystallization, 
and hardens into enamel. 

The difference between the bone and enamel 
of a tooth, that is, between what is formed by 
the pulp and by the sac, is shown by a very 
simple process. When a tooth is immersed in 
diluted nitric or in muriatic acid, the enamel 
is dissolved with effervescence, and is completely 
carried away; but when the earth of the bony 
part is dissolved, it leaves behind it a cartilaginous 
matter, which constituted a part of the bone of 
the tooth. In its chemical composition the bone 
of the tooth resembles the bone of the skeleton, 
though, not strictly and anatomically, as it wants 
the vascularity of true bone ; it is therefore, with 
more propriety, called ivory. 

We have .still to explain how the compound 
teeth of the vegetable feeders are formed. Now, 
if we comprehend the means employed in . the 
simple tooth, we shall have little difficulty in im- 
derstanding this. The pulp is divided, and covl- 
sists of parallel layers joined below, but free 
above, and with considerable interstices. These 
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divifiions or processes of the pulp secrete the 
ivory upon their surfaces, by which, of course, 
plates of this dense material are formed on each 
side of the soft processes or tongues of the pulp. 
There wiU therefore be double the number of 
plates of bone that there are processes of the 
pulp. 

Each plate of bone must be covered or invested 
with enamel. This is effected by folds or pro- 
jecting processes of the capsule or sac, which, 
hanging firom above, intervene between the plates 
of bone, and there perform their peculiar secre- 
tion, depositing the enamel. But it would ap- 
pear that these processes, becoming at length 
tightly embraced by the plates of enamel which 
they have themselves secreted, throw out a less 
perfect material, as it were; this is called the 
crusta petrosa or cement. When the tooth thus 
formed rises above the gum, and when attrition 
wears down a part of it, the interstices caused by 
the wasted processes of the septa of the sac are 
exposed, and the food is crammed down into 
these crevices, and then on making a section of 
the tooth we may discover four substances, ivory, 
enamel, crusta petrosa, and foreign matter, in 
alternate layers. 

Now, contemplating the slow formation of the 
teeth whilst yet deep in the jaw, — their curious 
mode of growth, adapted to the form of the jaw. 
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— the articulation of the jaw with the head^ — 
the position and powers of the muscles that are 
to move the jaw, with the means to be employed 
by the animal in gathering, masticating, and di- 
gesting its food, — we can desire no more absolute 
proof of prospective contrivance and design. 
Were we to seek further, we have only to com- 
pare these mechanical appliances with the in- 
stincts and propensities of the animals. 

There is but one thing more worthy of at- 
tention in the teeth, than their mechanism, we 
mean their vital properties. Is it not a won- 
derful thing to see the jaw of the infant with a 
ridge upon its gums, harmless to the nipple; 
and then at the time when the powers of diges- 
tion vary, and become suited for stronger food^ 
to find sharp teeth arise, a range of them having 
been provided, which when fully developed are 
in exact accordance with the size and form of the 
jaw of the child? Can any one tell us bow these 
teeth should waste at an appointed time, to give 
place to others of stronger form dud of lai^er 
dimensions conforming to the adult jaw-bone? 
The phosphate, carbonate, and fluate of lime, do 
not differ in these milk teeth, or deciduous teeth, 
and in the adult teeth ; yet, by a secret procea» 
of decay, the first fall out in the period of child- 
hood, and the second last a long lifetime. 
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XII. 

OF THE MOUTH. 

Our author has said that everything in the struc- 
ture of the mouth is mechanical, and he has given 
a very attractive view of the varieties of the me- 
chanism in the mouths and bills of animals. But 
so far from exhausting the subject, he has left 
some of the most interesting particulars un- 
touched. In man, the mouth is not flat because 
he has hands, but because it is a part of that 
apparatus, which is the most curious and im- 
portant of all the bodily structures, — ^the instru- 
ment of speech. In that hght we shall presently 
take it up separately, not doubting that it will re- 
ward the reader's attention. 

Let us, in the meantime, consider some of the 
common properties of the mouth ; and first, of 
the most obvious parts, the lips. Nothing serves 
better to make us appreciate the blessings we enjoy, 
than examining the organization of a part which, 
from its famiUarity, and the absolute perfection 
of its action, we neglect ot think meanly of. The 
Ups receive the food, and aid in mastication; 
they are a principal part of the organ of speech ; 
they are expressive of emotion; they are the 
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moct acutely sensible to touch. But all this never 
moves our surprise or admiration. 

If we know anything of muscularity, we must 
presume that there is a concourse of fine muscles 
converging to the lips and surrounding th^n. 
But what g^ves the lips their sensibility ? This 
was a question early suggested to me in my 
investigations on the nerves; when experiment 
showed that one nerve went to the lips for sen- 
sation, and another for motion. The vermiUon 
surfaces of the lips possess their exquisite sensibi- 
Uty through minute and delicate villi, into which 
the extremities of the sensitive nerve are distri- 
buted: and these, being covered only by a cuticle 
the most thin and transparent, afford the ready 
instrument of touch. We see how the child uses 
the lips, as giving him his first information of the 
quaUties of bodies. 

It is certainly an unexpected thing to find that 
two organizations totally distinct, combined in the 
lips, should be necessary to the simplest act. If 
the nerve of motion be cut and has lost its func- 
tion, the animal puts its lips to the grains it 
feeds upon, but cannot gather them. If the nerve 
of sensation be injured, the animal presses its lip^ 
to the food, but wants the sensibility by which the 
motions of the lips should be directed. These 
facts show that whilst sensibility and motion are 
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dis^B^t faculties and depend upon different nerves^ 
they are necessarily combined for so simple an act 
as taking the food into the mouth. We thus daily 
see that in paralysis^ sometimes one property is 
lost^ sometimes another ; a circumstance most im- 
portant to the physician. 

As connected with our present subject, it is a 
strange thing to see that, whilst a person may 
have every capacity for motion in the lips and 
tongue, he will have the morsel remaining in the 
mouth without knowing it. The first instance 
I found of a defect in the lips exactly similar to 
that produced by cutting the nerve of sensation 
on one side of the face, was in a gentleman who, 
* being under the hands of his dentist, had the 
nerve of sensation hurt by the pulling of a tooth : 
and having a glass of water given to him, re- 
marked that the glass was a broken one : the fact 
being, that the portion of the tumbler in contact 
with one half of his lips was not felt at all, 
which gave him the same sensation as if a bit of 
the glass had been broken away. 

We might show, in the lower creatures, an in- 
finite variety in the forms of the mouth ; but even 
in the mammalia, we may perceive that the lips 
are projected, and have a power almost like that 
of the hand. The horse has great power in his 
lips. The camel, the elk, but more especially 
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the rhinoceros, have a still greats mobility, and 
the latter has a very fine sensibility in the hook- 
shaped extension of its upper lip : the snout of 
the tapir and the trunk of the elephant belong to 
the lips, rather than to the nostrils. We have 
the least equivocal proof of this, in their supply 
of nerves , which are only an enlargement or pro- 
longation of those nerves which in man go to 
the lips. Nay, we may state a fact, perhaps un- 
expected to the reader, that the whiskers of ani- 
mals of the cat tribe have entering into their roots 
branches of the same nerve which gives sensibi- 
lity to the lips ; and the palpa and tentacula in 
the lower classes of animals, as the Crustacea and 
insects, however different these organs may ap- 
pear, are known to belong to this order of parts, 
by the same proofs, their supply of nerves. 

We might be tempted here to speak of the 
bills of birds, had they not already attracted the 
attention of our author. We shall, therefore, 
rather fortify his conclusions by attention to the 
structure of the tongue. The human tongue is, 
no doubt, the most admirable of all the organs. 
We might have very obvious proo& of inten- 
tion and adaptation in the long rough tongue 
of the ox, or in the still more curious and active 
tongue of the camelopard, or in the tongue of 
the insectivorous animals, the bear, the chameleoB» 
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and anteater^ or in the variety of carioos instru- 
ments^ darts or saws^ sheathed in the bills of 
insectivorous birds. But we ourselves have an 
organ^ however apparently simple, finer than all 
these. The human tongue, containing muscular 
fibres in every possible direction, and round, soft, 
and mobile, is less admirable as an organ of 
mastication, of taste, or touch, than as the organ 
of speech, modulating with every possible variety 
the sounds issuing from the windpipe. On the 
upper surface of what is termed the dorsum of 
the tongue, there are rough papillae which in 
some measure correspond with what we see in 
animals : they are subservient to the taste. Some 
of them have a mushroom-like top, and a stalk 
projecting from the bottom of a little hoUow, and 
there the sapid particles of the food lodge, and 
prolong the enjoyment of the palate. But in 
the organization of the tongue there is one minute 
point of structure more curious than all the rest. 
When the papillae are examined with a magni- 
fying glass, there are seen certain small bodies, 
consisting of a grey sheath, within which there 
is a little red point ; and this point is capable of 
erection^ thus projecting and becoming the organ 
of taste. It is so erected when the morsel is 
in the mouth, or when we are in the immediate 
anticipation of food. There are other more mi- 
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nute processes studding the surface of the tongue, 
and these contain the extremities o( nerves which 
are sensible to touch. It must surely, therefore, 
be considered an admirable thing to find so many 
faculties seated here, each with its appropriate 
organization, and each most curiously connected 
with other structures — that we should have the 
power of mastication, of deglutition, of modula- 
tion of the voice, the senses of taste and of touch> 
concentrated in one apparently simple oi^an. 

Not to speak of other relations, can there be 
any better proof of design, than the effects of 
the excited sensibility of the tongue ? No sooner 
have these gustatory points of nerves been ex- 
cited, than there is poured out into the mouth 
most abundantly, by four distinct tubes, the 
saliva, that fluid* which facilitates mastication, 
and directly prepares the food for the action of 
the stomach. And however weU we might ima* 
g^ne such a supply of fluid to assist deglutition, 
this is not all that is here done in preparation ; for 
whilst the morsel is moved by tongue, and lips, 

* We presume that the fluid is chiefly useful in mastication, 
at the glands are large, and the fluid most abundant in animali. 
that chew the cud. In all| these glands are so disposed as to 
receive gentle pressure from the motion of the jaw ; so that, whilst 
their vascular apparatus is excited by the sensibilities of the 
tongue, the fluid is urged from the ducts by the pressure of the^ 
jaw and muscles which move it. The fluid itself is neither acid 
nor alkaline. '' 
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and jaws^ an appropriate fluid is collecting in 
what appear to be mere irregularities in the back 
part of the throaty but which are, in trutli, so 
many receptacles^ that pointing towards the 
stomachy give out their contents as the morsel 



There is one curious circumstance which we 
may notice before quitting this subject. Eating 
seems always to be an act of the will^ and at- 
tended with gratification. It is well known that 
the operation, or what is very nearly the same, 
may go on within the stomach, without any out- 
ward sign at least of jdeasure. The gizzard (with 
which we are most familiar in fowls, though it 
be, in fact, found in the vegetable feeders of the 
different classes of animals) is correctly enough 
described as an organ of mastication, in which 
there is an incessant and alternate action of op« 
ponent muscles, as in the motions of the jaws. 
In the stomach of the lobster we have not merely 
the muscles of mastication, but the teeth also : 
so that it appears the function may be performed 
altogether internally, and without the volition, 
and probably without the sensations, that accom- 
pany the offices of the mouth. We mention 
this, as drawing the reader to comprehend that 
many organs may be in operation in the internal 
economy, without our consciousness* 

VOL. II. p 
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Odr author^ with much propriety^ from time to 
time, adverts to those changes in the ocgamsatioai 
which accommodate the animal to new conditions. 
Now, in terrestrial animals, the act of irti^allowing 
must be accommodated to the atmosphere; hut 
if the animal Uves in water, and still breathes the 
air, the structure of the parts must be tJianged. 
The crocodile seizes its prey, and descends into 
the water with it Its power of descending does 
not, as in the fish, result &om compressing the 
air-bladder : but is owing, as we have shown^ to 
a provision in its ribs and lungs. Unless the 
crocodile oould expel the air from its lungs in a 
greater degree than the mammalia are capable of 
doing, it could not crawl upon the bottom, nor 
retain its place there without continual exertion. 
Tliere is an adaptation to this mode of destrojidng 
its prey, by carrying it underwater, in the mouthy 
as well as in the thorax and lungs. The crocodile 
has no lips ; it lies on the shore basking with its 
mouth open, and flies light upon and ^rawl inta 
its tnouth. Against these ^he air tubes a»e pro- 
tected, not by the lips and sensibility of the mouthy 
but by an apparatus which separates the mouth 
from the throat and windpipe. Tins partition, 
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between the cavities is necessary when the animal 
seizes its prey : for as it plunges under the water 
with open mouth, the air tube must be protected 
against the ingress of the water. For this pur- 
pose, there is a transverse Tidge, arising from the 
body of the bone of the tongue, which raises a 
duplicature of the membrane so us to form a 
septum across the back part of the mouth ; whilst 
the curtain of the soft palate hanging fk)m above 
meets the margin of the lower septum, and they 
form together a complete partition between the 
anterior and posterior cavities. Thus the animal 
is enabled to hold its prey in the open mouth, 
without admitting the water to the air passages. 

With these observations, we hope the reader 
will return to peruse, with increased interest, the 
conclusions so well stated by our author, vol. i., 
p. 223. ^ 
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XIII. 

OF HUNGER AND THIRST. 

For very sufficient reasons^ we have preferred 
taking the illustrations of design from the me- 
chanical structure of the body. MTe may now 
introduce some instances from the living proper- 
ties, the propensities and appetites. 

Hunger and thirst are in truth senses, alt 
though the seat or organ is not easily ascerr 
tained. The wants, and desires, and pain acr 
companying them resemble no other sensations^ 
like the senses, they are given us as monitory 
and safeguards, at the same time that, like them, 
they are sources of gratification. 

Hunger is defined to be a peculiar sensation 
experienced in the stomach from a deficiency of 
food. Such a definition does not greatly difier 
from the notions of those who referred the sense 
of himger to the mechanical action of the sur- 
faces of the stomach upon each other, or to a 
threatening of chemical action of the gastric juice 
on the stomach itself. But an empty stomach 
does not cause hunger. On the contrary, the 
time when the meal has passed the stomach is 
the best suited for exercise, and when there is the 
greatest alacrity of spirits. The beast of prey 
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feeds at long intervals ; the snake and other cold- 
blooded animals take food after intervals of days 
or weeks. A horse^ on the contrary^ is always 
feeding. His stomachy at most^ contains about 
four gallons, yet throw before him a truss of tares 
or lucerne, and he will eat continually. The 
emptying of the stomach cannot therefore be the 
cause of hunger. 

.The natural appetite is a sensation related to 
the general condition of the system, and not simply 
referat»le to the state of the stomach ; neither to its 
action, nor its emptiness, nor the acidity of its con- 
tents ; nor in a starved creature will a full stomach 
satisfy the desire of food. Under the same im- 
pulse which makes us swallow, the ruminating 
animal draws the morsel &om its own stomach. 

Hunger is well illustrated by thirst. Suppose 
we take the definition of thirst-^that it is a sense 
of dryness and constriction in the back part of 
the mouth and fauces; the moistening of these 
parts will not allay thirst after much fatigue or 
during fever. In making a long speech, if a 
man's mouth is parched, and the dryness is 
merely from speaking, it will be relieved by 
moistening, but if it comes from the feverish 
anxiety and excitement attending a public exhi- 
bition, his thirst will not be so removed. The 
question, as it regards thirst, was brought to a 
demonstration by the following circumstance. A 
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Hiaa hfl r ing rawoiiadkwiidcwHiiiihia. ^oscmt,' 
tuiiirfid yntii. tiiirat; but no- quantity of fiuidf 
pawing thnmgh his moutirandgiillat andeteap*- 
ing bjr the wouncU «a& foimd in. any de^^ee to> 
^CBEck his tlliiBt. 

Thirst, thfifn^ l&e faung«r> has oelatioft to the; 
geneial conditaon. oi the animal systesh— to the; 
necessity for fluid in the circulation. For this 
iCBion^ a niaa dying^ ^m loss of blood suffers 
mder intolerable thint. In both thirst andt 
hunger, the supply is obtained through, tile gn^- 
tifioation of an appetite ; and as to th«se appe^ 
tites> it will be adknowladged that the pleafflnreft 
vesuUing Iran th^oo. far exceed the pains. They 
gently solkat fer the wants of the body : they aoe^ 
the. perpetual motive and spzing to action. 
' Breathings as we hare seen> is ev^n mone di- 
leotly necessary to- life than food; but to tiiis wof 
are differently admonidbed. An appetite implies 
ifiuterrals of ai^eiy and indifibrence. The un*- 
interrupted action of breathing could not be sup^- 
]^riied by a perpetual desire; we cannot imagina< 
such ar unifonnity of sessai»n.. The action of 
bxeathing has? been made instinctive, while paini 
and the alarm of daadi* are. brought as ibe only 
adequate agents to. control the icregularitiies of 
a function, so necessary to life- Pain- does here 
what desire and the scdicitatiDn of jieasuBe could 
not accomj^h; 
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XIV. 

THE STOMACH OF THE HpRSE. 

When . ivw: thinks of. tha* adiajitatioBfli c£ ammadL^ 
slnictiire to tiia di&rent conditions ef liirifig 
oieaianresb tlte camei> tioe dup of tive Gtes»t^,un^ 
nedoialy oc(mi3 ; audi no. doubt it i» highly in- 
teresting to observe how this animal is adapted; 
to the sandy w9Hite^ iix its ej^^its nostiil^.iiBvfdot, 
theeellaofits stomaeh, and ita capacity of eaidar- 
aitts^ But ib is^perhi^s^ mose to our purpose* ta 
look to owr domestac aniinals, and tha most, of alL 
desendng attoition is the heise. 

Of all GCffitibunes^ the horse has the smallest 
atomackrelajtively to its size« Had he the quad- 
Btple^roniinaidng stomackof l£e ox, Jie would not 
hssve been at all times ready for exertion : the 
traveller could not have baited his steed andE 
rasHunedhis jounuey. . The stomach of the horse 
is not so capacious, even when distended, aa to 
impede his wind and speed; and the food is pass- 
ing onward with a greater degree of regularity 
than in any other animal. A proof of this is, 
that the horse has no gall-bladder. Most people 
understand that bile is necessary to digestion ; 
and the gall-bladder is a receptacle for that bile. 
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Where the digestive process is performed in a 
large stomach, and the food descends in larger 
quantities, and at long intervals, the gall-blad- 
der is necessary; and there is that sympathy 
between the stomach and gall-bladder, that they 
are filled and emptied at the same time. The 
absence of the gall-bladder in the horse; there- 
fore, imi^es the almost continual process of di- 
gestion ; which again results from the smallness 
of the stomach. 

Another peculiarity in the horse is the supply 
of fluid. When the camel drinks, the wat^ is 
deposited in cells connected with the stomach; 
but if a horse drinks a pail of water, in eight mi- 
nutes none of that water is in the stomach ; it is 
rapidly passed off into the large intestine and the 
caecum. We cannot resist the conviction that 
this variation in the condition of the digestive 
organs of the horse, is in correspondence with 
his whole form and properties, which are for sud- 
den and powerful, as well as long*eontinued ex&t'- 
tion. 
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XV. 
OP THE GIZZARD. 

The gizzard is a fevourite iUustration with our 
author ; he takes it up in Chaps, x. xii. xv. xvi.^ as 
the example of compensation^ relation^ &c. 

The bill of a bird has extensive relations 
both externally and internally. When we see a 
bird trimming his feathers with his bill^ and 
combing out each feather firom the root to the 
point, we cannot but observe, that admirably as 
feathers are formed for flight and for. protection 
against cold and wet, they would be inconsistent 
with the tongue and teeth of the quadruped. 
The rough tongue would not penetrate to their 
interstices ; nor would the ruder operation of the 
dog's teeth suit the deUcate texture of the quills. 
The bill, therefore, implies the absence of teeth 
and of salivary glands. lips and muscular 
cheeks are necessary for mastication; and how- 
ever fitmiliar the operation may be, a clu^er 
might be well occupied to show how cheeks and 
lips, salivary glands and teeth, must co-operate 
before a morsel can be swallowed*, and how the 

* See a paper on this subject, in tieatiug of the ner?es of 
mastication, in * Phil. Trans.' for 1829. 

p3 



Digitized 



by Google 



32S NATUBAL THBOLOaT. 

derangement of one filament of the nerves sup- 
plying these parts disorders the whole train of 
actions. We have to show, then, how this func- 
tion, deficient in the bird, is compensated by 
internal structure. 

Tks giaand is a.fleshy atomach».tlie anet sufa- 
alituto' f&t the muscles of die 'ym»^. and teeth* 
Its substance oonaiste, of a stxoag musde; itm 
dwk part oi the gizxand being the muscle, and 
the slamog part of ii the tendon to yfAmh ibB 
moMcuiaa fibres aM aitadied. Th^pe ace, in &c^ 
two muadfis mth a- central tea&don ; it is what 
aaaitoinifits caUi a dtgaatric or doubla-beUied 
ooiade. '£he caurity within this muaiile i» lined 
with, a dense, roug^ insensible coat, and there 
aw always to be found oantained in it smaU 
stones, generally of quarts, if it be within tile 
jomdh of the ^leatore's, instinct, to obtain them. 
The grains^ ana mixed wilh t&ese pcMPtioas (tf 
stone ; and if we put our ear dbse to a hixA, 
we fAalk heav the- grincEng motions going an 
an cEstanstly as. the noise of Ae hi»se^ jaws^ in 
die ntanger. In &ot, this digastrie muscle os 
gizxard. m equivalent to the muscles, of the jawa> 
and tfae pebbles are a fair equivalent to the 
teoth> wilh this- advantage^ that when th^ are 
ground down, the instinct of the bird supplies 
it with more. It pcks up some small por- 
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lions o£ gnarel wittt as mwh; alacrity 39^ ii will 
tibfi: gcain: itad£ Some have atq^oaed ikat iHb 
waa dlieer stupidity in th^ fi>wli;: bat hjeretsnoelgr 
insect ia bettee than reasoa. 

Wkek we reccdlecir the prcmiaoas against atteif 
tioniiecesssy ta m^ka^ the teeth kat £01: the fiiU 
pesiod of 1^6 life o£ a grarainrvxHxiiLff quadrv^ei^ 
we are prepared to understand the advantage of 
Ais beauliM ssid simple substitiUB, which^ te 
80 small a creatare a& a pigeon^ gives an. equal 
poiM^F aver the material of its food; as the 
home has. wiiiu its powerful jaws, and strong 
grinding teeth. 

However; we are but describing a. new instruv 
mfint for grinding, or eomminuting the food: 
yet this, alone is not sufficient to supply what 
was wanting in the mouth ; and in passing, we 
may^ oteerve that the gizzard does not exclu- 
sively belong to birds. The gillaroo trout and the 
mullet have gizzards. The toothlessx ant-eater 
has a gizzavd : it lives on scaly and: hard itt8ects> 
mjuh. as beetles; and to assist in bruising them 
in its muscular stomach, it picks up^ pebbled like 
the domestic fowL 

' Before the gsain descends into this grinduig 
apparatus of the bird, it is deposited in the crop ; 
from the crop it descends, by Httle and little, into 
the cardiac cavity, as the iirst part of tlie stomach 
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ii callecL In this latter cavity there are giaadi 
wiiieh seciete the gastric juice, and which fluid 
18 neceasary to digestion. We should here also 
note a particular provision in the upper orifice of 
the giuard» namely, the overlappmg of a part 
of the muscle, which produces an obliquity in the 
passage, and holds the contents of the stomadi 
confined during the strong action of grinding. 
It was indeed at one time supposed that such a 
mechanical operation of the stomach as we have 
described in the gizzard, fitted the food to supply 
the nourishment of the body ; but, we repeat, 
that it has no further operation than that of 
comminuting, the hard food> and preparing it for 
the action of this animal. fluids the gastric juice, 
which digests; and digestion is the first process 
of assimilation. 

It may be interesting to the reader to know 
that the lower orifice of the gizzard, where it 
opens into the first intestine (duodenum)^ is dif- 
ferently guarded in difi!§rent families of birds. In 
birds which have abundance of food, the gizzard 
has no valve to retard its esciqpe; so that a 
greater part of the grams or seeds on which they 
feed passes off undigested; a fact which we 
touched upon elsewhere. Were Inrds of prey 
furnished with the same grinding apparatus 
which is suited for birds that feed upon grain. 
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OHF argument wonld be overturned. But in them 
the gizzard is very weak ; the cuticular lining of 
the stomach very thin; and the gastric glands^ 
which pour out the digesting fluids very large. 
In the hawk and kite we find no such macerating 
crop as in the domestic fowl. 

Our author states that one class of birds can- 
not digest grains ; the other cannot digest flesh. 
Tfais^ however^ taken literally, does not accord 
with the experiments of Mr. Hunter, since he 
brought the carnivorous birds to live on grains^ 
and the granivorous fowls to live on meat. But 
the necessity of accomplishing this change by 
vary slow degrees leaves the substance of our 
author s argument sustained. 

It is presumable that animal and vegetable 
matter are, in their ultimate elements, nearly the 
same; and, therefore, the last action of assimila- 
tion of the food is probably similar in all creatures. 
The variety of organization or structure in the 
stomach will be found to depend on the propor- 
tion of nutritious matter in the mass that is 
swallowed. A vegetable feeder requires, from 
the poverty of its food, to be continually digest- 
ing; and happily its food is in abundance around 
it. The carnivorous animal gorges its food, after 
long and irregular intervals; its prey is precarious; 
but then that food is richer in nutritious matter. 
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ifui requiring to midffipgo onfy the burt process of 
iWMMikitinn The vaiiet;^ and compUeatun inr 
^ti^nietiiGe of tJie digestive organs depending 
QflLtiie nature of the SmkI, is not only exhibited inr 
qnadxupedB and Urds, but in fidies and in insects*^ 
Insects that suck blood have a simple canal : A» 
grasshopper and ^dute ant, viegetable feeders^ 
hame a complicated canal. Just for the same 
raaaoB the mtestines of the lion are Aart and 
mde^ and those of the goat long and complicated. 
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XVI. 

ON THE RAYS OF LIGHT, THEIR REFRACTION 
AND REFLECTION. 

Thb nature o£ light lias ever bean a subject of 
eDittroveisy. ItwaaNewtoa'seiq^lan^tioalliatlu- 
Bunoua pbjects. give out particles of inconceivabla 
BunuteneBSy and moving with e^tceme velocity, 
'^ What mere assertion,'' sa^s Sir John Herschel* 
^ will make any man. believe, that, in one second 
of time^. in one beat of the pendulum of the 
dock, a ray of light tra;^els over 192,000 miles ; 
and would therefore perform, the tour of the world 
in less time than a swift runner would make one 
stride ?" In short, there is nothing like it but the 
influence of attraction; which is so instantaneous 
as to admit of no calculation of time at all. 

A difierent theory from that of Newton was 
suggested by Huyghens, who supposed a highly- 
elastic fluid to fill all space, and which, when 
moved, produced the efEbcts ascribed to light. 
Instead of minute particles diverging from the 
luminous body,^Jie substiituted waves or vibra- 
tions, propagated through this elastic ether. The 
late Dr. Young, and some continental philoso- 
phers more recently, took up this hypothesis and 
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supported it by ingenioas experiments. But not* 
withstanding that it is the favourite theory of the 
day, difficulties appear still to encumber it. The 
theory of undulations implies the advance and re- 
coil of the elastic medium^ and that gives the idea 
of retardation. The supposition of li^t being 
the effect of the motion of an ether, does not fall 
in with our conceptions of the manner in which it 
alters into the composition of bodies, or influ- 
ences chemical combinations, or affects the living 
powers of animals and vegetables. The merits of 
the two theories, however, need not be discussed 
here. It will be sufficient for our purpose to 
represent a beam of light by a line drawn with 
the pen, and to enter on the explanation of a few 
of the laws which influence it in passing through 
transparent media. 




When the ray of light, as a, passes perpendi- 
cularly from a rarer into a denser medium, as 
from air into water, it suffers no change in its 
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^brection; but when it passes obliquely^ as b> it 
takes a new direction towards the perpendicular^ 
Ittaldng a sudden angle^ as if broken^ — ^and this 
in refraction. Two circumstances, therefore, in* 
fluence the ray of light; — the angle at which it 
fidls, and the density of the body into which it 
passes. When the ray b passes from the denser 
medium into the rarer, it is again refracted, but 
away from the perpendicular, and takes its original 
course, provided the surface at which it goes out 
is parallel to the surface at which it entered. 

When a ray strikes upon a body that is not 
transparent, or only imperfectly so, it is in part 
reflected, that is, stnick off again, bent back, or 
reflected, and enters the eye, conveying to us the 
impression of the form and colour of that object. 

But the expression which we have used requires 
explanation; for how is it that the reflected rays 
should convey the idea of colour? 




The prism is a piece of glass so formed that 
the rays must fall obliquely on one or both of the 
surfaces, and suffer refraction. Thus the ray A 
striking into the prism b is refracted; but all its 



Digitized 



by Google 



fucte are nofc e^ially nfracted^ mc£ as tktt l%lii» 
U iin ii i li i o£ portft d ifle g ii iy m cdour% amd ndbidi 
an. diflEoieiiily rafioaoted^. it ia divided or diacectod 
iaio acveraLcDlania c» called tbeprisnniMo ccdourik 
Thtt ipeciBiiin^ aa-it is. tenned, tlKB ft>i»edj^ oon^ 
nsttof seisncoLoiiiB;. tkaiiiiiiehiBleaatiefiBatftdl 
being ved^ and in aasooasiDn arange^ yellow^ gieeni 
lixBd, indigo, and vkieiL If tiiesemiys be se*comh 
ponnded by pasfing tliiough ft coiiiieac lens, whidv 
onmg to tbe obUqxdty witii wbkh tiiey faJl, draiw» 
them to a point, tiie fbcas of tbe Ught wiU be 
agaimxcAcyarless^ Sbne modeim pfailosopfaevs kave 
lednccd t&eae prismatic oolours-of Newton to ^ksefi 
paixBarycolours^sod;, yellow,. and blue; contriTing; 
by the aupec-position of these, to produce the 
seven tints ; while others httire, on: coiisideiat»>na 
not easy to be disproved, held Ihat there is not 
any definite number of colours, but a gradation of 
tints from the extreme red to the eicbreme violet 
We may now understand the reason of the 
colour of objects. When light strikes upon a body, 
even upon the most transparent, part penetrates, 
part is reflected, and some part is lost. A dye 
is a disposition given to the surface of cloth to 
repel some of the rays of light more than the 
etiiers;. and the eolour wiU be according to the 
my, or the eombination of rays, thus cast bock and 
sent into the eye. 
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' Andberer it in notilBalr to redsct. on: tixes moiefap 
md beasify evesyiirhere; bestowed througb tibie 
fONxp^aBtj gB tii« beaooi of lighlk What SLdjoixmam 
ipualdL hacmir p^rradiad: the amfius of tks csothif 
tiusrehadbeenianly ftwhitftlighti! The beautiear 
of HiG: gfuoden md o£ the landsoape would hsrare 
been h)sit to us. How isr the beanty of the krttes 
enhanced by the: almoat infinite ^oiiety of coloiiz; 
yet still withia that range whioh is agjseable and 
soothiiigi to the eye> act well as eonsoaiani to oun 
feelings I The human countenaoce, too>. although 
capable of exciting our warmest sympathies bji 
form and motion alone> has that beauty perfected 
by colour, varying under the influence of emotion. 




It remains, in order that we may apply these 
facts to the eicplanation of the structure of the 
eye, to show how the rays proceeding from a 
body and falling upon a convex glass sufier re- 
fraction. The ray that strikes upon the centre, 
being perpendicular to the glass, passes on unde- 
viatingly. But each ray as it strikes a point re- 
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moved firom the centre^ must impinge with more 
obliquity^ in consequence of the curved sur&ce ; 
and as the refraction of all the rays will be in pro- 
portion to the obliquity of their incidence, they 
will converge towards the central direct ray. 
Thus A, as it passes through the glass, suffers 
refraction towards the perpendicular line, in pro- 
portion as it deviated from it, on passing out of 
the air into the glass. These few simple state- 
ments may sujBSce for understanding the compari- 
son which we are now to make between the eye 
and optical instruments. 
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XVII. 
THE EYE COMPARED WITH OPTICAL INSTRUMENTS. 

We have elsewhere expressed our surprise that 
the structure of an animal body should so seldom 
be taken as a model. In the history of inven- 
tions, it appears quite extraordinary that the 
telescope and the microscope should be modern^ 
when, as it should seem, the fine transparent 
convexity of the eye might have given rise 
to imitation, as soon as man learned to give 
shape to natursd or artificial glass. It reminds 
us of the observation of Locke, in speaking of 
a discovery, that it proved the world to be of 
no great antiquity. Yet we must estimate the 
invention of the telescope and microscope as by 
far the most important in their consequences of 
either ancient or modem discoveries. The first 
opens to us an unlimited expanse, not only of 
new worlds, but systems of worlds, and new laws 
evinced in the forces which propel and attract 
these; since in the heavenly bodies we find no 
material contact, nor pressure, nor impulse, nor 
transfer of power — ^nor effect of heat, nor expan- 
sion of gases — ^nothing, in short, which can be 
illustrated by mechanism. By the microscope. 
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we contemplate the minute structure of animals 
and things but for its aid invisible: the balance 
of the cohesive and repulsive forces as they order 
the changes in the material of the world, and in 
that of our own firames. Yet these instruments 
are not ift contrast with the eye : but through the 
comparisim <tf them we discover ^be wonderful 
adaptations iJt that organ; of whi^h it hasJong 
age been said^ diat it can «t one time ex1)end oar 
contemplatioiiB to die heaveisly biodieB and Aeir 
revolutions^ and at another limit its exercise to 
things at hand, to the sympathies and affoottOBB 
<f[ cmr nature visible in the oounteimnce. 

K we put aside the consideration of the living' 
properties ef the OTgan> as the eKtraoi^dinary 
variety and degrees of semibility in the nerve (^ 
vision, «nd confine ourselves to points easily gouh 
prehended, as, for example, the mecbanism of the 
eye, and the laws of optics as applicable to i^ 
humours, we shall find enough to^admive. 

When we look upon the optician's lens, how-' 
ever perfect its polish may be, we can see its 
convex surface: that is to say, the rays of light? 
which strike upon that surface do not all pene-^ 
trate it, but are in pmtTdflec^ted to our eye,whicfc 
is :the occasion of our seeing it. We do not see 
the surface of the cornea of the human eye. 
Here, then, is am obvious supenority^ since it im* 
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pHas that i^ die^says«of li^t whicsh idkftB tlieeov* 
mea enter it and £ae r€&a0led, and ^OHe areife^ 
turned to oar eyie. If we take iftteoptkiian's lens he- 
tiv^en onr fingers joid iield it mnAermBitet,'V9e can 
ho longer see at^ homever tronsparaiftthe^watar. 
The reasen «£ ihis is, that the tbjs of light are 
Deflected when entering^rom a rape medkiminto a 
denser, more sd)imdAntly in proportion lo Ihedff- 
fierence of the density. When Ae ray of light 
hasp^Eietrated the water, it also penetrates '{he 
glass, becacwe these is ncA ^ha^ difference of 
density between Hie water aiid the glass whidi 
there is betwieen ihe atmosphere -and ^e glass. 
Fxom this we may estimate the importance of 
the sur&ce of' the comea b^ng moistened Ijy the 
tears; fw however thinly the water may 'be-spread 
over the smfaoe of the eye, it is sufficient 4o maSce 
those ri^^ that would otherwise be T^edted pene* 
tcate the cornea. 

The whole humours of the ^e are constituted 
with a regard to this law. There is nowhere an 
abrupt transition from a rare to a dense humour. 
The ray is transmitted from 4he comea into 
the aqueous himiour, and through that humour 
into the lens or crystalline humour. Were tliu^ 
latter humour uniform and of the density of 
its oentral part throughout, Ae ti^ would ^ 
ia ipart reflected back from its surface. But it 
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is not unifonn^ like a mass of glass: it con- 
sutts of concentric layers increasing in density 
from tlie surface to the centre. If we first look 
at the entire lens, and then take off its concentric 
layers, we shall see the surface of the internal 
nucleus more distinctly than the extent .and 
natural surface. The reason is obvious : the 
nucleus is so much more dense than the atmo- 
sphere, that the reflection of the rays from it is 
more abundant We now comprehend how finely 
it is provided that the crystalline lens should be 
surrounded with the liquor Morgagm, a fluid 
which is but in a slight degree more dense than 
the aqueous humour. The exterior surface of 
the lens itself is only a little more dense than 
the surrounding fluid, and each successive layer, 
from the surface to the centre, is of gradually 
increasing density : so that if we were to describe 
the course of the ray, it would not, as we see in 
the ordinary diagrams, pass like a straight line of 




the pen, but in a curved line, showing the gradual 
manner in which the ray is refracted through suc- 
cessive transparent layers. As it enters in the 
anterior half of its passage, it encounters media of 
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increasing density : but as it passes out behind, it 
is transmitted through media diminishing in den- 
sity. The ray is nowhere opposed by that sadden 
increase of density which gives a disposition to 
reflection ; and it passes through the vitreous 
humour still refracted, the density of that humout 
having a just correspondence with the posterior 
surface of the lens. In the atmosphere there is a 
similar arrangement for receiving the light pro- 
ceeding from the sun or stars : for as the density 
of the air diminishes as the height above the earth 
increases, the surface of our atmosphere, from its 
rarity, must almost resemble free space; conse- 
quently the light falling into it will penetrate more 
abundantly than if the air were compressed as it 
is near the earth, and were of uniform density. 
We thus see the obvious superiority in the struc- 
ture of the eye to any thing that can be composed 
of glass, which is of uniform density throughout, 
and must therefore present a succession of sur- 
faces where rare and dense media are abruptly 
opposed to the rays transmitted. 

We may observe another happy result from the 
peculiar structure of the lens. A magnifying glass 
is never true : an aberration of the rays takes place 
in the pencil of light, as the rays are drawn to a 
focus. The rays which penetrate near the centre 
are projected so as to be drawn to their focus 

VOL. I£. Q 
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beyond those irays whidi pierce tfaroagh newer 
ihe edge. The rays penetrating the centre of 
tliif double convex glass will project the image 
to A^ whilst those penetrating nearer the circnm* 
ference^ and consequently falling more obliquely, 
will form a focus nearer the lens at b. But in 
the crystalline humour of the eye, which corre- 
sponds with the optician's lens, the exterior 
lajrer having less density, and therefore a dimi- 
nished property of refracting the ray, the image 
is carried farther off to a ; and by this means it 
is ordered that wherevCT the ray penetrates, it 
shall be drawn to an accurate focus. 



]^s^ 



' Some modem philsophers have asserted that 
ihe eye is not perfectly achromatic in every adjust- 
ment. The term implies the. property of the in- 
strument to represent an image divested of the 
prismatic colours ; those false colours which attend 
the refraction of the rays of light. If the state- 
ment be correct, it is nothing against our argu- 
ment ; nor have those inquirers advanced it wiA" 
any such view*. We know that in all flie ordi* 

* Professor Blair (Edinburgh TVoiuacftont, iii.) expressly deriyet 
An argument in favour of design from this statement of his opl- 
nion, and hit objection to Boscovich. 
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nary es^eroisesB of the 63^ the image is perfect/ 
kaving neither penumbra nor prismatic colours^ 
This property of the eye results from the different 
media through which the rays are transmitted^ 
and the gradual transmission which we have just 
mentioned. DoUond's achromatic glasses, a great 
improvement upon the telescope, were made on 
this principle. He composed the object-glass of 
the telescope of crown-glass and flint-glass, so 
that while, by the combined eflFect of their con- 
vexities, they drew the rays to a fcfcus, the dis- 
persive power of the one was counteracted by 
that of the othert 

Let us endeavour to explain this, a, a beam 
of light, being composed of the different coloured 
lays, passes tlu-ough the prism b. (See Fig. 
p. 309.) Instead of passing onward in a straight 
line, it ip refracted to c in distinct, and, conse- 
quently, coloured rays. Whilst the whole of them 
are bent or refracted at an angle from the dotted 
line, they are also diverging from one another. 
Their deviation from the straight line is their re- 
fraction : their diverging from each other is their 
dispersion. These properties being distinct, it is 
conceivable that glass of a different chemical com- 
position may affect the one to a greater degree 
than the other, and, therefore, that a lens may be 
composed of different kinds of glass (crown-glass 

q2 
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and flint-glass^ for exainple)> so that ihe con^' 
vergence of the rays into a focus may be obtained 
without the dispersion of the rays, and the con* 
sequent production of false colours round the 
image. This is what DoUond nearly accom-* 
plished, and upon these principles. That the 
effect of this very artificial arrangement is at- 
tained in the eye is a remarkable proof of the 
perfection of its adaptation to the properties of 
light. 

The last circumstance which we may mention 
in continuing the comparison, is the drawing out 
of the tube in the telescope to accommodate the 
foci of the glasses to the distance of the object* 
It is sufficient to say that the eye possesses this 
property of accommodation. That we do not un- 
derstand how the operation is performed, only 
strengthens the argument in favour of the per- 
fection of the eye : since the power exists, and 
is exercised with an ease which hardly permits 
us to be sensible of it. 
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XVIII. 

OF THE MEANS BY WHICH THE EYE IS PROTECTED. 

When an astronomer, in the darkness of night, 
and shaded from the light of his chamber, moves 
his telescope from star to star, his eye is accom- 
modated to faint impressions ; that is, the sensi- 
bility of the retina is then accumulated, so that 
when he directs his instrument to the brighter 
objects his sensation is painful. And if, at another 
time, he should be observing the sun, without 
having guarded the eye by smoking the glasses, 
or by some other means diminishing their trans- 
parency — ^the stroke upon the retina will not only 
be painftd, but may prove destructive to its fine 
texture, and occasion a defect of vision which wiU 
continue through life. If the apparatus in the 
tympanum of the ear be destroyed, and the defect 
supplied by an ear-trumpet, the person will be 
startled by those who speak into this trumpet : 
for if they are not in the habit of pitching their 
voices distinctly and softly, the sound will jar pain- 
fully upon his ear. By these considerations, we 
are prepared to contemplate that beautiful provi- 
sion by which the natural eye is protected against 
the sudden intrusion of light, or the too intense 
illumination of the object upon which it is di- 
rected. 
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The iris is a curtain, or septum, which stretches 
across the aqueous humour, and is anterior to the 
crystalline lens: it is perforated in the centre, 
and that perforation is the pupil — the black cen- 
tral spot which we see when we look into the eye 
— ^black, for the reason which we have assigned, 
that the rays piercing there are not returned, and 
the absence of rays is blackness. But the rays 
strike the anterior part of the iris itself round 
the perforation, and they are partially, at least^ 
reflected, giving the colour to the eye — grey, or 
blue, or hazel. 

Perhaps the diagram (vol. i., pp. 28, 29) will 
explain the structure of the iris and pupil; and 
show the mode in which the pencil of rays is 
enlarged or diminished, and the intensity of the 
image in the eye thus made greater or less in 
proportion to the illumination. 

The iris, then, we understand to be a muscular 
septum or partition, with two sets of fibres ; a 
straight set converging to that margin of the iri« 
which forms the pupil, and a circular set running 
round the exterior margin of the iris. At page 
290 of vol. i. we have given a representation of 
the iris of the lion. The pupil or open space 
is oval in this animal; b b are the straight 
fibres converging to the exterior margin of the 
iris ; and c c are the circular fibres of the mar- 
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gin. These two sets of fibres act against each 
other^ and in a moderate light the pupil is mode- 
rately expanded : but when the light is obscure 
the circular fibres relax^ and the straight fibres 
act ; the iris is then diminished in diameter^ and 
the pupil enlarged. The contrary takes place 
when too intense a light strikes into the eye. 

This guardian action of the iris is more rapid 
than words, and as quick as thought ; and it is to 
be remarked that this apparatus is animated by 
nerves which go back to the sensorium : so that 
the impression must be received in the sensorium 
before the iris can be directed in its motions. 

Such, then, is the apparatus by which the nerve 
. of vision is guarded; and as marking its neces- 
sity, let us remember that the retina is suscep- 
tible, in an extraordinary degree, of various im- 
pressions of light : that it will be sensible to an 
object illuminated as one, and as thirty thousand. 
It is obvious, that either we must have groped in 
the dark during the evening or moonlight, or 
have been quite dazzled and overpowered by the 
brightness of the sun, had not this fine mecha- 
nical apparatus of the iris been adapted and 
assigned for the protection of the nerve. 

But the nerve is protected in another way, or 
rather, we should say, the force of the impression 
is regulated. We have seen that the colours of 
objects are owing to the rays of light being 
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reflected from them ; that on a surface perfectly 
black the rays sink in and are lost> and we recog- 
nize the object only by its outline being contrasted 
with surrounding coloured bodies, not by the light 
reflected from itself. When the eye of an animal 
is destined for the bright light of day, a black 
pigment is behind the nerve, and the nerve itself 
being transparent, the ray is transmitted and lost. 
But if it be required that the eye shall be suited 
to the habits of an animal that prowls by night, 
then there 1$ combined with the large eye and the 
very dilatable pupil, calculated to receive a great 
pencil of rays, a property of reflection in the 
tapetum or carpet, that is, the surface at the bot- 
tom of the eye on which the nerve is expanded. 
Instead of the black and absorbing pigment, 
there is a secretion furnished by that surface, 
which, like a dye, throws off or reflects the light, 
or reflects it back like the silver on the back of 
a mirror. This gives a second impulse to the 
nerve, and has the effect of doubling the force of 
the impression. 

Let us now see how an organ of the extreme 
transparency and delicacy of the eye is guarded ' 
from injuries of another kind. 

And, first, we may observe the combination of 
the living properties with the motion and mecha- 
nism of the eye-ball ; how the extreme delicacy 
of the surfaces of the eye has adapted to it the 
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fine sensibility seated in the eye-lids and roots of 
the eye-lashes. The pain excited by the smallest 
particle that floats in the atmosphere would be 
the source of constant suffering, were there not 
connected with and animated by the same sensi- 
bility an apparatus, mechanical and hydraulic, for 
the obvious purpose of ridding the deUcate sur- 
face of the eye of all foreign matter. 

Can there be anything more interesting than 
to find the whole of this apparatus under the 
guidance of a property different from that of 
consciousness and volition ? 

I have seen many instances of persons de- 
prived of the sensibility of the surfaces of the 
eye from the affection of one nerve alone, without 
the loss of vision, or of the motions of the eye- 
lids, or of the flow of tears ; but it has been 
impossible in such persons to preserve the organ, 
by assuring them of the necessity of these motions, 
either through the direct action of the eye-Uds, or 
by the aid of their fingers. The eye's surfaces, 
being deprived of sensation, are no longer regu- 
larly moistened: soot and dust rest upon them; 
and although they are insensible they inflame; 
the transparent cornea becomes opaque, and the 
eye is lost. This is the consequence neither of 
the want of sensibility in the retina, nor of the 
capacity of motion in the eye-ball and eye-lids 

q3 
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being loBt, nor of {kiliure of the spring of water 
that runs continiudly over the eye: it resnltB 
simply from a loss of that relation in the ma- 
sibilities sidted to the materials and influences 
around us, and the protecting motions which they 
'excite. It at once answers the querist who asks> 
why we suffer pain ? We reply to him by another 
question. How are we to hear or see, or hov 
enjoy the sense from impressions so delicate as 
those of sound and light ; or enjoying these, by 
instruments so exquisitely framed^ how are these 
instruments to be protected from the ruder shocks 
to which they must be exposed ? These consi- 
derations lead to the conclusion that if he object 
to one part of the system, he objects to the whole 
of that by which we hold our present existence. 

The motions of the eye and eye-lids, which are 
directed by this sensibility, must be performed 
with extreme rapidity. To rinse an3rthing in 
water, or to rid it of dust by shaking it in the 
wind, the action must be quick; and such a mo- 
tion is possessed by the eye of the fish, although 
the eye-lids and lachrymal apparatus are in them 
xmnecessary. 

If we are giving proofs of design, we can haw 
none more obvious than that suggested in the 
Preliminary Discourse, in the eye of the mud 
'crab, im animal which, like the eel, seeks its food 
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in mud and turbid water. Emerging from such 
a bed, its eye is covered with slime, and would be 
useless : but to provide against this inconvenience 
there is a little brush near the eye, to which the 
prominent horny eye can be raised, and against 
which it is wiped, with an action as intelligible 
as that of a man wiping his spectacles. The cray- 
fish, too, which burrows in the banks of rivers, has 
the same provision, although the structure is lets 
perfect. 

I have assumed that the action of the eye of 
fishes is rapid. I must confess that I have not 
seen this, but we are entitled to conclude thiit 
they possess the motion, as fishes have oth^r 
muscles besides those necessary to direct the eye ; 
muscles which, by the obHque direction of their 
fibres, are calculated to give extraordinary ra- 
pidity of motion, and resemble that apparatus 
which gives the rapid instinctive motions to oor 
own eye. 

The first time that we observe any remarkable 
phenomena, they excite more emotion, and we 
describe them with more interest. I shall there- 
fore extract here a portion of a paper given 
to the Royal Society on the nerves of the eye, 
which it was necessary to preface by observations 
on the actions of the muscles, a subject which I 
conceived had not been fiilly understood. 
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XIX. 

MOTIONS OF THE EYE-BALL AND EYE-LIDS. 

We shall consider the muscles of the eye^ first, 
as necessary to its preservation; secondly, as 
necessary to it as the organ of sense. We do 
not reflect on those actions of our frame which 
are most admirable in themselves, which minister 
continually to our necessities, and perfect the 
exercise of our organs, until we are deprived of 
ihem: like unnatural children, unconscious or 
unmindful of indulgence, we feel only the loss of 
benefits. " With much compassion,'' says the 
religious philosopher, '' as well as astonishment 
at the goodness of our loving Creator, have I 
considered the sad state of a certain gentlemsua 
who, as to the rest, was in pretty good health, but 
only wanted the use of those two little muscles 
that serve to lift up the eye-lids, and so had 
almost lost the use of his sight, being forced, as 
long as this defect lasted, to shove up his eye-Hds 
with his own hands." I have often thought of 
this saying when I have seen a patient in all 
respects in health, but without the power of rais- 
ing the eye-lids. 

There is a motion of the eye-ball, which, from 
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its rapidity, has escaped observation* In the 
instant that the eye-lids are closed, the eye-ball 
makes a movement which raises the cornea under 
the upper eye-lid. 

If we fix one eye upon an object, and close the 
other eye with the finger, so as to feel the con- 
vexity of the cornea through the eye-lid, we shall 
perceive when we shut the eye that is open, that 
the cornea of the other eye is instantly elevated ; 
and that it thus rises and falls in sympathy with 
the eye that is closed and opened. This change 
of the position of the eye-ball takes place during 
the most rapid winking motions of the eye-lids. 
When a dog was deprived of the power of closing 
the eye-lids of one eye by cutting across the nerve 
of the eye-lids, the eye did not cease to turn up 
when he was threatened, and when he winked 
with the eye-lids of the other side. 

Nearly the same thing I observed in a girl 
whose eye-lids were attached to the surrounding 
skin, owing to a burn ; for the fore part of the 
eye-ball being completely uncovered, when she 
would have winked, instead of the eye-lids descend- 
ing, the eye-balls were turned up, and the cornea 
was moistened by coming in contact with the 
mouths of the lachrymal ducts. 

The purpose of this rapid insensible motion of 
the eye-ball will be understood by observing the 
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form of the eye-lids and the place of the laehrymal 
gland. The margins of the eye-lids are flat^ and 
when they meet, they touch only at their outer 
edges, so that when closed there is a gutter left 
between them and the cornea. If the eye-ball 
were to remain without motion, the margins of 
the eye-lids would meet in such a manner on the 
surface of the cornea, that a certain portion would 
be left untouched, and the eye would have no 
power of clearing off what obscured the vision, 
at that principal part of the lucid cornea which is 
in the very axis of the eye; and if the tears 
flowed they would be left accumulated on the 
centre of the cornea, and winking, instead of 
clearing the eye, would suffuse it. To avoid 
these effects, and to sweep and dear the surface 
of the cornea, at the same time that the eye-lids 
are closed, the eye-ball revolves, and the cornea 
is rapidly elevated under the eye-lid. 

Another effect of this motion of the eye-ball 
is to procure the discharge from the lachrymal 
ducts; for by the simultaneous ascent of the 
cornea, and descent of the upper eye-lid, the 
membrane on which the ducts open is stretched, 
and then the tears flow unimpeded. 

By this simultaneous motion, also, the descent 
of the eye-lid and the ascent of the cornea, the 
rapidity with which the eye escapes from injury, is 
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increased. Even creatures which have imperfect 
eye-lids, as fishes, by possessing this rapid te- 

•volving motion of the eye, avoid injury and dear 
off impurities. 

I may observe, in passing, that there is a pro- 
vision for the protection of the eye, in the manner 
in which the eye-lids close, which has not been- 
noticed. While the upper eye-lid falls, the lower 
eye-lid is moved towards the nose. This is a part 
of that curious provision for collecting offensive 

.particles towards the inner corner of the eye. If 
the edges of the eye-lids be marked with black 
spots, it will be seen that when the eye-lids are 
opened and closed, the spot on the upper ^e-lid 
descends and rises perpendicularly, while the 

. spot on the lower eye-Ud will play horizontally 
like a shuttle. 

To comprehend these actions of the muscles 

. of the eye, we must remember that the caruncle 
and membrane called semilunaris, seated in the 
inner comer of the eye, are for ridding the eye of 
extraneous matter, and are, in fact, for the same 
piurpose as that apparatus which is more perfect 
in beasts and birds. The tears are imbibed by 
the puncta or orifices, which may be seen in the 
inner comer of the eye; and a tube, formed on the 
principle of a siphon, carries them into the nose : 
whilst the dust, washed to this comer, is thrown 

; out by the apparatus which we have described. 
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The course of our inquiry makes some notice 
of these parts necessary. 

In quadrupeds there is a gland for secreting 
a glutinous and adhesive fluids seated on the 
side of the orbit next the nose : it is quite dis- 
tinct from the lachrymal gland ; it is squeezed by 
an apparatus of muscles, and the fluid exudes 
upon the surface of the third eye-lid. This third 
eye-lid is a very peculiar part of the apparatus of 
protection. It is a thin cartilage^ the posterior 
part of which is attached to an elastic body. 
This body is lodged in a division or depression of 
the orbit on the side towards the nose. When 
the eye is excited, the eye-ball is made to press 
on the elastic body against the side of the orbit 
and force it out of its recess or socket ; the con- 
sequence of which is the protrusion of the carti* 
laginous third eye-lid, or haw, as it is termed in 
the horse. By this mechanism the third eye-lid 
is made to sweep rapidly over the surface of the 
cornea, and, by means of the glutinous fluid with 
which its surface is bedewed, it attaches to itself 
and clears away offensive particles. 

In birds, the eye is an exquisitely fine organ, 
and still more curiously, we might be tempted to 
say artificially, protected. The third eye-lid is 
more perfect than that of quadrupeds : it is 
membranous and broad, and is drawn over the 
surface of the eye by means of two muscles 
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attached to the back part of the eye-ball^ one 
of which acts by a long round tendon^ that 
makes a course of nearly three parts of the cir- 
cumference of the ball *. The lachrymal gland is 
small, and seated low, but the mucous gland is of 
great size, and placed in a cavity deep and large, 
and on the inside of the orbit. As the third eye- 
lid is moved by an apparatus which cannot 
squeeze the mucous gland at the same time that 
the eye-lid is moved, as in quadrupeds, the 
oblique muscles are particularly provided to draw 
the eye-ball against the gland, and to force out 
the mucus on the surface of the third eye-lid. It 
flows very copiously; and this is probably the 
reason of the smallness of the proper lachrymal 
gland which lies on the opposite side of the orbit. 

We akeady see two objects attained through 
the motion of these parts : the moistening of the 
eye with the clear fluid of the lachrymal gland, and 
the extraction or protrusion of offensive particles. 

There is another part of this subject no less 
curious: the different conditions of the eye 
during the waking and sleeping state. If we 
approach a person in disturbed sleep when the 
eye-lids are a little apart, we shall not see the 
pupil or the dark part of thfe eye, as we should 
were he awake, for the cornea is turned upwards 
under the upper eye-lid. If a person be fainting, 

* See p. 47, vol. i. 
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as insensibility comes over him the eyes cease to 
have speculation; they want direction^ and are 
vacant, and presently the white part of the eye 
is disclosed by the revolving of the eye-ball 
upwards. Look to a blind beggar; those white 
balls are not turned up in the fervour of en- 
treaty; it is the natural state of the eye-balls, 
which are totally blind, and from the exercise 
of which the individual has withdrawn his atten- 
tion. So it is on the approach of death; for, 
although the eye-lids be open, the pupils ar6 
in part hid, being turned up with a seeming 
agony, which however is the mark of increasing 
insensibility. These motions of the eye for the 
protection of the organ do not interfere with 
vision ; they are performed unconsciously, and so 
rapidly that the impression of the object on the 
retina has not time to vanish in the intervdi. 
The motions of the eye-ball for directing the eye 
to objects are strictly voluntary, and are always 
connected with the exercise of the sense of vision. 
It will now be admitted that the variety of the 
motions of the eye requires the complication of 
muscles which we find in the orbit, and unless 
the various offices and different conditions of the 
eye be considered, it will be in vain to attempt an 
accurate classification of the muscles or nerves of 
the orbit. 
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XX. 

MUSCLES OF THE EYE-LIDS. 

Even in the action of the muscles of the eye-lids^ 
although the most exposed and familiar parts of 
any, there is something new still to be observed. 
The eye-ball is held betwixt the levator palpebrce, 
the muscle which raises the eye-lid, and the orbi- 
cularis, that which depresses it; the one as it 
elevates the eye-lid tending to protrude the eye- 
ball, the other to compress and restrain it. 

In paralysis of the orbicularis, the muscle which 
closes the eye, the eye-ball is protruded ; it starts 
more forward than is natural; the eye-lid is loose 
and flabby, and can be lifted like a bit of common 
skin. 

It is from this protrusion of the eye-ball that 
the upper eye-lid is raised, and the lower eye- 
Ud depressed, by one muscle. Anatomists have 
sought for a depressor of the inferior eye-lid, 
seeing that it is depressed; but such a muscle 
has no existence, and is quite imnecessary . The 
levator palpebrce superioriu opens wide the eye- 
lids, depressing the lower eye-lid at the same 
time that it elevates the upper one. If we put 
the finger upon the lower eye-lid so as to feel the 
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eye-ball when the eye is shut, and then open the 
eye, we shall perceive that, during this action, 
the eye-ball is pushed forwards. Now the lower 
eye-lid is so adapted as to slip o£f the convex sur- 
face of the ball in this action, and thus to be de- 
pressed, while the upper eye-lid is elevated. 




The origin of the levator being at a, and the 
insertion into the cartilage of the upper eye-lid 
at B, the effect of the action of the muscle must 
be the protrusion of the eye-ball c to the dotted 
line. By the elevation of the upper eye-lid, the 
eye starts forward a little, and the lower eye-lid 
therefore slips off the lower segment of the eye- 
baU. 

It is curious to observe how the eye-ball re- 
treats in its condition of repose, and is protruded 
when about to be exercised in vision. High ex- 
citement, as in terror, when the eye-balls are 
largely unclosed, is attended with an increase of 
the sphere of vision produced by the protrusion 
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of the eye-balls ; a change remarkable both in 
the ferocious and timid animals^ especially in the 
latter. 

Such were the views of the motions of the eye- 
ball and eye-lids, introductory to a paper on the 
muscles of the eye — ^itself introductory to observ- 
ations on the nerves of the orbit. ^The discussion 
relating to these is too strictly and minutely 
anatomical for our present purpose. It will be 
sufficient if I state the deduction, — that by the 
eight muscles around the eye, and the six nerves, 
whose extremities reach them, two sets of motions 
are provided ; the first for the voluntary direction 
of the eye-ball in strict sympathy with vision; 
the other in connexion with the mechanical and 
hydraulic apparatus for the protection of the 
organ. When we enjoy the sense of vision, the 
voluntary muscles are excited; but, in sleep, ano* 
ther class preponderates, over which we have no 
voluntary power ; and this is the condition of rest 
as well as of safety to the organ. 



Digitized 



by Google 



358 NATURAL THEOLOGY. 

XXI. 

RBVIEW OP THE USES OF THE PARTS IN THE EAR. 

Wk find late physiological writers acknowledging 
their ignorance of the functions of the particular 
structures in this organ ; and we cannot therefore 
conceal that there is a difficulty in assigning the 
uses of the parts. Nevertheless, we shall now 
endeaTOur to explain our conceptions of this 
matt^; and, at all events, there is enough to 
prove the main argument of design and of the. 
fine adaptation of this organ to the laws by 
which sound is propagated. 

The outward ear of man and animals is so ob- 
viously provided f(»r colleding sound that theire> 
can be no cavil here. It is extended and move- 
aUe in those animals which hear acutely, and in 
some, as the bat, it is double, consisting of one 
expanded membrane within the other. And this, 
brings to mind an assertion, that the membrane 
of the tympanum is a£fected by the vibrations 
of the side of the auditory tube more than by the 
direct impulse of the atmosphere against it ; for 
if there be one conical expanded external ear 
within another, it is obvious that there must be a 
larger surface to receive vibrations and commu- 
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Bicate them to the tube and membrane of the 
tympanum. 

, It suffices with some to say that the undulation 
of sound is received upon the membrane of the 
tympanum^ and by it is communicated to the at- 
mosphere within. But how is the infinite variety 
of sounds^ all^ in fact> that we hear^ communicated 
simultaneously through the same membrane? 
In the first place^ the membrane is not simple, 
nor is it muscular, but contains within it cords or 
fibres which run firom its outer margin, converging 
towards the malleus. It is now that we look with 
great interest upon the experiments of Chladni 
and others on metallic plates. He strews dust 
upon one of these plates, and then brings out a 
note by drawing the bow of the violin upon the 
edge; when the sand, or powder, or dust, will ar- 
range itself in regular figures. These figures are 
remarkable for their symmetry, dividing the cir- 
cumference of the plate into equal parts, from 
six to forty ; or the sand divides itself into circles 
having the same centre with the plate, and the 
diametrical and circular lines combine to produce 
an astonishing variety in the configuration of the 
particles. Here, then, we have a proof that, 
instead of there being a general undulation or 
vibration of the whole membrane of the tympa- 
Xium, it may be subdivided, a motion taking jdace 
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in its minute parts, and these having many nodee^ 
or centres which remain motionless ; in short, we 
perceive a capability of motion in the membrane 
corresponding with the variety of sounds which 
we know to be propagated through it. And if we 
should imagine that the general surface of the 
membrane was unsuitable for so great a variety 
of compound motions, the chords visible upon its 
interior surface may be considered sufficient to 
allow it to correspond with every possible variety 
of note. (See fig., vol. i., p. 59.) 

How satisfactory soever the ingenious experi- 
ments in acoustics and with musical instruments 
may be, there is a difficulty which has not been 
met in assigning the offices to some of the parta 
in the ear. The chain of bones in the tympanum 
undoubtedly communicates the sounds from the 
membrane of the tympanum to the proper seat 
of the sense, the labyrinth ; and nothing is more 
easy than to conceive that the membrane of the 
tympanum, receiving an impulse, like a sail flap- 
ping by the wind, should communicate the same ta 
the malleus and in succession to the other bones. 
But the difficulty arises from considering that it 
is not a mechanical impulse which is communi- 
cated, but a motion of sound. When philosophers 
teach us the nature of sound by throwing a i)eb- 
ble into a still pond of water and making us ob- 
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serve the concentric undulations : or by striking 
a cord and observing the motions which accom- 
pany the sounds and showing the harmonic sub- 
divisions, we seem to have overcome all the diflGi- 
culties of the science. But we encounter new 
difficulties when we are forced to conclude that 
all the combinations of sound in an orchestra^ for 
example, are transmitted through a chain of 
bones, some of which are not greater in diameter 
than a horse hair. We are reminded that the 
undulations visible to the eye or felt by the finger 
are not the motions of sound, although they ac- 
company them, and that they must be of a nature 
much more minute and deKcate. There is no in- 
stance of one organ of sense conveying the know- 
ledge of a quality of matter for the perception of 
which another organ is provided. Still, perhaps, 
these microscopic observations may assist our in- 
vention. When a powerfiil lens is applied to a 
metallic cord sounding, and we distinguish the 
brilliant particles on its surface, those particles 
have not the motions merely to and fro which are 
caused by the division and subdivision of the 
elastic cord: those brilliant particles dance in 
figures infinitely varied, combined of circles and 
angles which it is perhaps impossible to describe 
and reduce to any system. Such facts aid us in 

VOL. II. R 
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comprehending how different motions of sound 
may be communicated at the same moment. 

It is ascertained that if a metallic rod be placed 
in contact with a sounding«board to which the 
sounds of many instruments playing in concert 
are communicated, and if that rod be extended to 
a great length, or if it be carried through a par- 
tition, so that we are out oi ear-shot of the in- 
struments, and if the rod communicate at its 
further end with another sounding-board, the 
motions of that board will be giiren out to the 
atmosphere and we shall hear the concert, that 
is, the combined sounds of the instruments, aK 
though necessarily faint. Here, then, the music 
mn,st have been conveyed along the rod ; and we 
have another proof that sound cannot consist of 
those coarser movements ascertained by the other 
senses, but of scmiething so infinitely more minute 
that the particles in the rod may convey distinct 
vibrations simultaneously. These considerations 
certainly countenance our belief, that however 
fine the chain of bones may be which, passing 
through the tympanum, communicates between 
the external and internal ear, it is yet capable 
of a variety of motions corresponding with the 
sounds, of which the ear is susceptible. 

What, then, is the meaning of this very obvioiMt 
mechanical structure in the chain of bones in these 
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Mttle levers and their attached muscles? (See 
fig. p. 55, vol. i) Are not the three musclesr 
attached to the bone that is fixed to the mem- 
bnuie calculated to afiect the tension of the mem- 
brane.^ If we take the illustration in the text, 
we must remember that the military drum is not 
so simple as it has been represented. The chordsr 
or braces, which pass outside the drum obliquely, 
are tightened by pushing down the knots of buff 
leather, and this not only stretches the parchment 
head of the drum, but tightens the snates or cords 
which run over the parchment of the reverse of 
the drum. In the military drum, it is the blow 
on the parchment that gives the loud and sudden 
sound; while the chords alter and prolong the 
sound. The three muscles which are attached to 
the malleus and through it to the membrane of 
the tympanum we must suppose may either brace 
or throw loose the membrane and its cords ; as 
the drum is braced or muffled : and in this way 
the small muscles of the tympanum may have a 
resemblance in fiinction to the fibres of the iris ; 
they may guard the nerve of hearing as the latter 
does the nerve of vision. We had occasion to 
observe, that when a person is deaf from the dis- 
order of this apparatus, and when he substitutes 
the ear-trumpet, he may hear ; for the ear-trumpet, 
by its expanded mouth, collects the undulations 
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of sound and concentrates them; but there is 
this imperfection, that the ear wants its power of 
adjustment ; and the i)erson is accordingly often 
timid in the use of his instrument with those who 
are not accustomed to speak to him, the sound 
of some voices being painfully harsh. Further, 
we may not hear a sound when called u{>on to 
listen to it, and yet when the particular sound is 
described, we do hear it ; now it remains to be 
determined whether this be a power of adjust^ 
ment in the ear, or owing to the effect of asso- 
ciation in the mind. 

It is supposed by some that there are two 
tracts by which sound is communicated to the 
labyrinth ; that it passes both through the chain 
of bones and through the air in the tympanum. 
With regard to the last mode, I can conceive no 
cavity less suited to convey sounds. Instead of 
having a definite form like the tube of the ear, 
by which the vibrations might be received and 
directed inwards, the tympanum opens into the 
cells of the temporal bone, and presents the most 
irregular surface possible, and such as would in- 
evitably break and destroy any regular sound. 
The extension of cavity of the tympanum is cal- 
culated to increase the elasticity of the air in the 
tympanum, but most certainly not to collect or to 
strengthen the sound. 
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With regard to the labyrinth^ comparative 
anatomy lends us considerable assistance. Were 
vibrations of sound being communicated to the 
brain the cause of hearing, the brain itself would 
be the organ and no special nerve necessary. 
The brain in some animals, being placed in a 
cavity, and surrounded with fluid, is subjected 
necessarily to vibration. But we perceive that in 
addition an appropriate nerve and distinct organ 
are bestowed. There is here, in the cuttle- 
fish^ very little apparatus in this organ, and it 




A 

This figure represents the form of the brain in the cuttle-fish, as 
an example of its very simple structure : ▲ the simple auditory 
apparatus. 

proves that the essential part of the ear is the 
nerve susceptible of sound, and not the exterior 
apparatus. Some sixty years ago, learned men 
in Italy wished to ascertain whether the lobster 
had the organ of hearing or not. The cele- 
brated Professor Scarpa, then a young man. 
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undertook to decide that matter ; not by looldng 
for the exterior organ, but by examining the 
brain and the nerves which go out from it. Find- 
ing that there was a nerve \diich stood in the 
relation of an acoustic nerve, he traced it onward 
and found it terminating in a little sac containing 
fluid, and open to the influence of the atmosphere 
by a small membrane which crossed the mouth of 
it. This was the just and philosophical mode of 
proceeding. There being, in fact, nothing in the 
brain itself, with respect to its exposure to tre- 
mours or motion, difierent from the auditory 
nerve, if that nerve had had merely to convey 
a vibration to the brain, it would have been su- 
perfluous, as the brain itself would have vibrated. 
Hence we perceive that an endowment of a nerve 
which shall be susceptible of the sense of sound is 
necessary, and consequently it is the primary and 
essential part of the organization. How the mo- 
tions of sound shall reach it is another question. 

Let us now carry along with us the fact that 
solids and fluids are much better vehicles of soimd 
than the . atmosphere ; that it is the rarity and 
elasticity of the atmosphere which makes all that 
exterior apparatus which we have been consider- 
ing necessary. Accordingly, an exterior ear 
is not wanted in the fish. If a man dive under 
water and carry a stone in each hand and strike 
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the stones together, he is sensible of a stunning 
sound, and indeed of an impression on the whole 
surface of his body. In short, although it was 
once doubted whether water were capable of pro- 
pagating sound, a hundred instances can now be 
brought forward to prove that it can receive or 
propagate every degree of sound and tone. Again, 
when we find that the solid parts of the head 
ccwavey sounds, we perceive that in the fish there 
is no occasion even for an external opening, far , 
less an external ear. An apparatus of a totally 
difierent kind is bestowed. Within a little sac 
of fluid a bone or concretion is suspended, which, 
being more solid than the surrounding fluid, re- 
ceives the vibration and moves, necessarily pro- 
ducing waves or motion in the surrounding fluid, 
and consequently an agitation of the extremities 
of the nerve exposed to the fluid. A very simple 
but curious experiment of Professor Camper illus- 
trates the effect of this structure : A bladder con- 
taining a marble and full of water being held in 
the hand, the slightest motion of the hand was 
attended with a vibration communicated from the 
water to the hand : the effect of the motion of 
the marble upon the surrounding water. 

With respect to the semicircular canals above 
described, I am at a loss to understand what is 
meant by some authors saying that their use is 
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not known. These canals consist of an elastic 
membrane full of fluid, with a nerve suspended 
upon the septum of one extremity : are they not 
then admirably suited to receive the impulses 
which are conveyed through the bones of the 
head ? That they are so, is clear from their being 
found* in the heads of fishes, where there is no 
access of vibration to the nerve except through 
the bone. But we are affected by the same when 
our head is on the pillow and we are awakened 
by people moving in the house: the alarm is 
through the solid bones of the head. And when 
the Indian puts his ear to the ground to hear a 
distant tread, he is substituting the communi- 
cation through the solids and the bones of the 
head for the atmospheric impulses. 

Again, let us recur to the proposition that 
sound is propagated to the internal ear in two 
ways : through the chain of bones and fenestra 
ovalis into the vestibule, and also through the 
air of the tympanum, and by the fenestra ro- 
tunda into the cochlea. There appear strong 
objections to this doctrine. It declares the chain 
of bones and their appended muscles and beau- 
tiful articulations to be altogether useless; for 
if the sound can be communicated through the 
air of the tympanum, what is the meaning of this 
complex apparatus ? And if the bones of the ear 
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communicate better, what is the use of the vibra- 
tion coming by any other course ? Let us under- 
stand, then, that the whole exterior apparatus— « 
that is to say, the parts exterior to the labyrinth 
—are necessary only to perfect hearing, and that 
when they are all gone by disease, those essential 
parts of the organ which we see suffice in the 
lower animals, continue to receive sounds. 

The apparatus of bones and muscles connected 
with the membrane of the tympanum (see pages 
55, 56) is of more consequence than physiologists 
allow. It is essential to perfect hearing, even 
when the sound is conveyed through the solid 
bones. If we hold .a watch between the teeth, 
the sound is propagated through the solid parts ; 
but let us compress and close the outer tube of 
one of the ears, and the sound will be increased 
on that side. If a person, being deaf in one ear, 
put his watch close to that ear, he will not hear 
the ticking ; but, if at the same time he presses 
on the tube of the other ear and closes it, he will 
then hear the ticking on that side. It appears 
that in this experiment, the sound propagated 
through the bones is not given directly to the 
nerve, but to the membrane and bones of the 
tympanum, and through them back upon the 
nerve. The air in the outer tube of the ear, 
being pent up by the pressure of the fingers and 

r3 
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compressed^ receiyes the vibration, reverberates 
on the membrane of the tympanum^ and puts the 
apparatus within the tympanum into play. 

Drawing a fair infisrence from the demonstra- 
tion, it would appear that the impulses upon the 
membrane of the tympanum are communicated 
to the membrane of the fenestra ovalis^ and that 
the opening called the fenestra rotunda^ closed 
by a similar membrane, is for the purpose not of 
receiving impulse from without but of yielding to 
that impulse from within. For example, if we 
suppose a bottle of water frdl to the lip, and a 
bladder drawn over it so that not a bubble of air 
is contained, although that water must be admitted 
to be compressible, an impulse upon the blad- 
der would produce no such effect as would follow 
were there a hole covered with a bladder upo^ 
the side or bottom of the bottle ; for then each 
impulse upon the top would be attended with a 
yielding of the bladder below, and a consequent 
agitation in all the intermediate fluid. Thus, it 
appears to us that the use of the fenestra rotunda 
and its membrane is to give play to the mem- 
brane of the fenestra ovalis, and that without this 
provision, although there might be a general im- 
pulse communicated to the fluid in the labyrinth, 
like that communicated through the bones gene- 
rally, there could be no wave or imdulation. If 
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the Cutting of the Eustachian tiibe^ d, page 52, 
vol. i.j so confines the air in the large cavity of Ae 
tympanum as to render us deaf^ what would be 
the consequence of the labyrinth (which contains 
water) being shut in on every side ? The play, 
then, of the bones of the tympanum, and of the 
membrane of the fenestra ovalis and of the fenes- 
tra rotunda, is not only required to produce an 
undulation in the fluid within the labyrinth, but 
that undulation must take the particular course 
through the scala of the cochlea, descending into 
it by the scala vestibuli and ascending by the scala 
tympani. (See f, voL i., page 52.) In this view 
it becomes interesting to consider the distribution 
of the nerve in the cochlea, since this internal part 
of the organ is so obviously connected with the 
finer exterior apparatus. We have learned that 
the nerve passes into the modiolus and extends 
to the edge of the lamina spiralis, so that the 
sonorous undulations continued through these 
passages must affect the nerve on two surfaces ; 
and whether we consider the cochlea to be like 
the bending of the spiral turns of a wind instru- 
ment, or the fibres of the lamina spiraUs to be 
like a succession of chords diminishing regularly 
in length, we can at least imagine that at one 
time the whole portion of the nerve may be 
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brushed and agitated, and that at another it may 
be partially aflfected. 

In short, the concavities of the central cavity 
of the labyrinth, the vestibule, may produce an 
eddjring of the fluid, so that the motion shall be 
concentrated to a point, on which point there is 
seated a portion of the nerve ; or the undulation 
may pass round the semicircular canals and affect 
the septum of each ampulla ; or by being propa- 
gated through the cochlea it may touch fibres of 
the lamina spiralis of different lengths. All we 
mean to affirm is, that there is so great an extent 
and variety in the distribution of the acoustic 
nerve, and also in the canals and cavities, as 
fairly to give us reason for believing them to be 
the sources of that extensive scale, and of all the 
changes and combinations of soimd which we 
enjoy through this sense. 
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XXII. 

OF THE CIRCULATION. 

Life in the animal body is attended with a 
never-ceasing change in the whole framework. 
Not merely is there a current of blood running 
in a circle, but all the things that enter into the 
composition of the animal body, solids as well 
as fluids, are under an influence that keeps them 
in incessant change. This, indeed, is the object 
or end of the circulation : for the blood contains 
in a fluid state what had composed the solid 
framework. We might say that the solid matter 
was resolved or melted, but that it is a vital 
action which thus reduces the texture to the con- 
dition of a fluid. At the same time that the 
blood contains what has been the material of 
the body, it consists also of new matter, the pro- 
duct of digestion and assimilation, and which is 
destined to take the place of the material that 
has been removed. The circulating blood is thus 
made the agent by which the revolution of the 
solid animal frame as well as of the fluids is ac- 
complished. 

We learn by this, that there is nothing per- 
manent in the living body. We see, and per- 
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haps without much surprise^ that a part cut heals, 
that a part excavated or taken away is soon re- 
placed, and in some of the lower animals that 
members cut off are actually reproduced : all 
this we see, but it requires fine experiment and 
accurate reasoning to enforce the conclusion that 
the animal body is always growing, always form- 
ing; and that this incessant revolution in the 
material of the frame is the grand distinction 
between the living structures of the animal body 
and machinery. In the former there is a prin* 
ciple of renovation incessantly at work, so that 
the action or exercise is attended with no wear 
and tear, but, on the contrary, the greater the 
activity the more perfect the structure, and what 
we term the healing process, or the reproduction 
of parts, is the continuance of an action which 
has had no interval. 

It being absolutely proved that there is no- 
thing permanent in the body, we leave the 
reader to consider the question, which fwoes itsdf 
upon him, *' What, then, is it that gives identity ? 
How comes the peculiarity of form and constitu- 
tion and complexion to remain — or how does the 
memory serve us — when the material has been 
many times removed?" But we have rather to 
consider the grand operation by which these 
dianges are wrought— the circulation. 
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Modem chemists have estimated tliat 5208 
grains of charcoal are thrown off from the blood 
in twenty-four hours, and this uniting with 13,392 
grains of oxygen in the atmosphere that is 
breathed, constitutes, with a due proportion of 
calorie, the carbonic add gas which is discharged 
from the lungs. Other secretions are also dis- 
posing of the material of the body ; and although 
these be necessary to health, it is the function of 
respiration which is the most directly necessary 
to life, and which is guarded by pain and anxiety 
experienced the moment that interruption is 
begun. 

We may already comprehend how the blood 
i^ws in a great circle, taking up the material of 
the body by the absorbents and veins of the body, 
and throwing it off by the lungs : and how blood 
returning from the lungs, purified by exposure to 
the atmosphere, comes back to the heart to com- 
plete its circle. We readily conceive also how this 
pure blood is necessary to all the vital operations, 
to the nourishment and growth of the body ; but 
it is not so easy to comprehend the manner in 
which the force of the circulation ever keeps pace 
with the condition of the body : active during the 
exorcise of the body, reduced and equable during 
repose ; or how the body generally will have the 
circulation moderate in degree, whilst an indivi- 
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dual part being excited and in action shall be 
accommodated with an activity of circulation 
exactly apportioned to the necessity for it. It is 
not possible, on mere hydraulic principles, to ex- 
plain how the blood shall descend to the toes or 
ascend to the head by one impulse, and yet with 
a force exactly proportioned to the distance and 
elevation of the member. Nothing is more ad- 
mirable than the manner in which the heart, as 
the great engine in the centre, has its irritability 
and power of action united in close relation to 
the condition of the body. If the pulse is to 
be felt by the physician, the person must recline, 
for if he stand up, on hydraulic principles a 
greater force is required to move the upright 
column of blood, and the heart beats more ra- 
pidly ; and this, especially, is more remarkable, if 
the person be sickly and weak. For the same 
reason no physician feels the pulse when his 
patient is anxious or perturbed, or at least he 
must calculate on the pulse being accelerated. 
These and many other examples might be 
brought to show that the circulation alters in 
correspondence with the position of the body, 
and with its exercise ; and that it alters with the 
emotions of the mind, as well as with the changes 
in the position and movement of the frame. We 
learn from this that the heart, through its sen- 
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sibilities, is the regulator of the circulating sys- 
tein> and that it is for this purpose that it has 
such extensive sympathies. These remarks we 
premise as reminding the reader that there are 
more things to be admired in the contemplation 
of the living animal frame> than can be brought 
under the head of the mechanism of the circu- 
lating organs^ or the adaptation of the tubes to 
the known principles of hydraulics. It is, how- 
ever, to these that we must now beg his atten- 
tion. 
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XXIII. 

OF THE VEINS. 

Our antbor lias taken up the notion^ ^ducb 
indeed is conveyed in anatomical books^ that tke 
veins are irregular in their form and course. 
We hold this to be a dangerous admission ; first, 
because it leads to the supposition that there is 
a certain imperfection, and as it w«re negligence, 
in the structure of the frame ; and secondly, be- 
cause it induces the inquirer to be satisfied with 
a very superficial survey. The veins are consi- 
dered as mere conduit-pipes, to carry back the 
blood from all parts of the body to the heart 
But they are much more; they are reservoirs. 
Where could that large proportion of blood 
which is necessary, be deposited with more safety 
to life than in those recesses or interstices left by 
the bones and muscles of the body ? But whilst 
this object is secured, another more important 
one is attained by the tiurning and twisting of 
the veins into the crevices and imoccupied spaces: 
for they become thus liable to be pressed by the 
action of the muscles; and so it comes about 
that the blood is permitted to move on slowly in 
these recesses whilst we lie inactive, but when 
we are aroused into action, it is pressed onward, 
the dimensions of the reservoirs are diminished, 
and the blood is accumulated upon the more 
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active heart, and is ready to answer the de- 
mands of tiiie system whidi that very activity re- 
quires. The sensations at the heart exciting the 
respiration, the chest is expanded, and the veins 
enlarged ; and by the alternate suction and com- 
pression upon those great veins, the heart is 
liberally supplied. By this arrangement, then, 
there is ever a correspondence preserved between 
the activity of the body and the rapidity of the 
circulation. For this is the sequence of actions — 

1. We rise into activity ; the blood, which was 
slowly circulating, is pressed forward to the heart: 

2. The heart is distended and excited : 3. The 
sympathy or bond of union between the heart and 
lungs makes a call upon the respiratory action ; 
and the decarbonization of the blood takes place 
more rapidly : 4. The return of arterial blood 
from the lungs to the heart is accelerated, and 
the heart regulates the action of the arteries : 5. 
The increased arterial action supports the exer- 
cise of the muscular frame ; and, thus, there is a 
circle of relations established arising out of that 
very seeming irregularity of the veins ; their po- 
sition and general condition ensure an accelera- 
tion of circulation corresponding with the activity 
of the muscular system. 

True it is that, in comparing the branching of 
the veins with the arteries, there seems to be, as 
anatomists have taken pains to show, an appear- 
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ance of domsmess and irregularity in the former 
compared with the latter; but they have not in- 
quired whether there was a reason for this variety 
^whether the distinction in the manner of a small 
tube joining a larger^ accords with the direction 
of the fluid in these tubes or not — and yet this 
is a question very naturally suggested, if we have 
a firm conviction that in the natural body nothing 
is formed imperfectly, or by chance. Accord* 
ingly, it does appear that, in the distribution of 
water-pipes, it is very necessary to attend to the 
angle at which a small pipe joins a larger. If a 
pipe be fixed into another contrary to the direc- 
tion of the stream, the discharge into that lateral 
branch from the larger tube will not only be much 
smaller than what we might estimate by the dia- 
meter of the tubes it should be, but in certain 




circumstances it will discharge nothing at all; 
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nay, the water will be drawn from the lesser tube 
into the greater. 

Bemouilli found that when a small tube, b, 
was inserted into the side of a horizontal conical 
tube. A, in which the water was flowing towards 
the wider end c, not only did no water escape 
through the smaller tube, but water in a vessel, 
at a considerable distance below, was drawn up 
through the lesser tube into the greater. 

With these facts before us, we turn with inte- 
rest to the curves of the arteries and veins, seeing 
that the contained fluids flow in the one firom the 
trunk to the branch, in the other in an opposite 
direction from the smaller to the greater vessel. 

And now, if, instead of taking the artery as 
the important vessel, and the vein as less so — 
and therefore negligently contrived, we consider 
both of them to be important and perfect — we 
ought to expect that their course and curves 
should differ. 

In the artery, where the blood is passing from 
the heart towards the extremities — that is, from 
trunk to branch — the branches slightly diverge 
from the direction of the stream in the trunk ; 
whilst the branch of the vein, where the blood is 
passing from the lesser into the larger vessel, 
enters abruptly and at right angles. From this 
it appears, that if we could imagine such a mal- 
formation as that the offices of these vessels were 
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changed, congestioii would imraediately take place, 
and the circulation could not be carried on. 




It appears, further, that if the veins were rigid, 
or placed in circumstances where their sides re- 
mained apart when wounded, instead of blood 
escaping, air might be drawn into them through 
the expansion of the chest in breathing — and this 
is a most important circumstance ; for when such 
an accident takes place, death follows instan- 
taneously. When a reservoir is emptied by a 
perpendicular tube, into which a smaller tube is 
inserted, the water descending by the larger tube 
instead of escaping by the lesser, will draw the 
water up through that lesser tube so as to 
empty the glass in which its lower end is im- 
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mersed. By this we see that there may be 
points on the sides of tubes conveying fluid, in 
which the pressure may be negative ; and we 
are made aware that the arrangement in question, 
instead of being a negligent or irregular joining 
of the branch to the trunk, is, on the contrary, a 




provision for the lesser tube entering at a proper 
angle into the side of the greater one. 

If two tubes join to form a larger tube, and a 
hole be bored at the angle of their union, and 
if the water flow from the lesser tubes into the 
greater tube, no water will escape by the hole : 
in other words, there is a point of negative pres- 
sure. Now it is remaxkable that the vessels which 
axe called absorbents enter into the venous system 
at the angle of union of the great veins ; that is, 
at the point of negative pressure. 
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XXIV. 

ON THE ARTERIES. 

There is perhaps no finer proof of the adapta- 
tion of the apparatus of circulation to the prin- 
ciples of hydraulics than the fact of the increasing 
diameters of the arteries as they recede from the 
heart Mr. John Hunter took great pains to 
prove this : and he did demonstrate that when a 
great artery divided into two branches, the united 
areas of the branches were greater than the area 
of the trunk ; that when the branches subdivided, 
the united areas of the subdivisions were greater 
than the areas of the vessels from which they were 
derived, and so on to the extreme vessels. Re- 
flecting on this, it is interesting to find that the 
engineer in laying down pipes comes practically 
to the conclusion, that a pipe dividing into two 
branches, whose united areas are exactly equal to 
the area of that from which they proceed, will not 
deliver the same quantity of water that would have 
flowed through the greater tube. He discovers 
that he must take into account the attraction and 
friction of the fluid upon the solid, and that the 
smaller the calibre of the tube, the surface of 
attraction or friction will be proportionably the 
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greater. Does not this fact coming out in prac- 
tice prove to us why the united areas of the 
smaller branches of the artery are larger than 
that of the trunk from which they are derived ? 
If any further explanation be necessary it is this 
— that the water flowing in a tube runs more ra- 
pidly in the centre than at the sides*— or, in other 
words, that there is a certain attraction or friction 
at the sides. We see this in standing by a flow- 
ing river ; the friction of the water against the 
bottom and the sides retards the stream^ whilst 
the velocity of the current is greatest in the 
middle. As the water in the river is delayed at 
the bottom and sides^ so is the fluid nearest the 
sides of the tube retarded by the friction between 
the fluid and the soHd. Thus we see a remark- 
able coincidence between the increasing diameters 
of the circulating vessels, and of tubes laid down 
upon accurate hydraulic principles. 

From the diameter of the arteries being larger 
as they recede from the heart, two advantages are 
obtained ; first, that the blood is driven on with 
greater ease ; and secondly, that the extreme arte- 
ries become in some measure like the veins, reser- 
voirs of blood. • A man of middling stature has 
thirty-three pounds of blood in his circulating 
vessels ; and did the vessels not enlarge as they 
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receded from the heart, there would be no place 
for the deposit of this great quantity of blood. 

We may venture upon some farther illustra- 
tions. — A stream of water, unconfined, will take a 
very different form if falling by its own gravity 
firom what it will do if forced in any other direc- 
tion, by a vis a tergo. When water is poured out 
of a vessel, it acquires velocity as it descends ; the 
column is largest above and drawn fine below, 
because it is increasing in velocity, and the stream 
that has a greater velocity must be smaller in 
diameter : but continuing to descend, the stream 
acquires such a degree of velocity that the atmo- 
sphere offers resistance, and then it again spreads 
out. But a column of water sent upwards as 
a jet (TeaUy instead of contracting as it ascends, 
enlarges. The fluid is retarded as it mounts; 
and the stream being still propelled firom below, 
it is forced between the filaments of the column 
above and disperses them, enlarging the column 
as it ascends and giving it a conical form. Hence 
it follows that if water is to be discharged fi^om a 
reservoir along an horizontal tube, it will flow 
more rapidly if the tube be a cone, with its lesser 
end inserted into the reservoir ; for the weight of 
the water in the reservoir still being a vw d tergo, 
and the stream firom behind forcing itself between 
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the filaments of the column and so dispersing 
them, it is clear that the increasing diameter of 
the tube will correspond with the natural en* 
lorgement of the column of water, and give it an 
unimpeded exit. Here, then, we have another 
explanation of the increasing diameter of the ar- 
teries to receive the blood propelled by the heart. 

In lajing pipes for a jet deauy the ascent of the 
water will be diminished by any sudden angle in 
the tube ; and the ajutage must rise from the hori- 
zontal pipe with a gentle sweep, or the jet will not 
reach so high as it ought to do, from calculating 
the height of the water in the reservoir. This 
circumstance explains the parabolic curve which 
the great artery takes in going off from the heart ; 
it explains also why the branches of this great 
artery go off at different angles, and why near 
the heart the branch goes off at a greater angle 
from the direction of the stream *. 

We have, perhaps, said enough to remove the 
notion, that there is anything like irregularity in 
the course and distribution of the vessels of the 
living body. But there are some other laws of 
hydraulics which give interest to the structure 
and action of the circulating vessels. The elas- 
ticity of the coats of the artery is a subject of 
importance in surgical pathology, and has very 
• This lefen more especially to fhe intercostal arteries. 
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properly been deeply considered. This power 
has not, however, met with sufficient attention as 
one of the forces propelling the blood. 

The law of inertia is easily comprehended as 
it regards solids. Every thing about us proves 
that it is more difficult to move a body at rest, 
than to accelerate it when it has been put in 
motion. The same law holds of a column of 
water in a pipe : it is easier to keep it in motion 
than to put it in motion from a state of rest. 
From this it follows that, in propelling water 
through a pipe by a forcing pump, as the impulse 
is given at intervals, and as the whole column is 
at rest after each stroke of the piston, much of 
the force must be lost. Now if the heart con- 
tracted and propelled the blood into the artery, 
and there was then an interval of rest, during 
which the blood was stationary, the next pul- 
sation of the heart would be in part at least 
exhausted in bringing the blood from a state 
of rest into a state of motion. This will be 
best understood by following the successive con- 
trivances which the engineer has employed, in 
raising water, to keep the column in motion un- 
interruptedly, and therefore to use his power in 
accelerating the stream, not in bringing it from 
a state of rest into a state of motion. The first 
idea was to have two forcing pipes instead of 
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one, so that one stroke should succeed another 
without interval. But it was soon discovered 
that there was a difficulty in adjusting exactly 
the two forces; and so it was found that three 
forcing-pumps were better than two, as more 
•eflFectually providing against any interruption to 
the motion of the stream ; the second filling up 
the interval between the impulse of the first and 
third. This multiplication of the parts of the 
engine shews the desire of the engineer to avoid 
interruption in the stream. But it does not so 
well illustrate our proper subject as the next 




invention, which was io employ an elastic power ; 
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and the engineer contrived it thus. A portion 
of air is confined in a reservoir ; the pipes of twb 
forcing-pumps are carried inio the reservoir, and 
they fill it half full of water, c ; the mouth of ths 
pipe, D, which is to convey away the water, reaches 
into the water in the reservoir. As the water 
rises, the air is compressed : so that, although the 
pumps act alternately, the elasticity of the con- 
tained air acts uninterruptedly in pressing on 
the surface of the water, and raising it by the 
tube, D, in an equable stream. The elasticity of 
the contained air fills up the interval between 
the actions of the pumps, and admits of no inter- 
ruption to the force with which the water is pro- 
pelled upwards. 

Surely these are sufficient indications of the 
necessity of three powers acting in propelling the 
blood from the heart. The first is a sudden and 
powerful action of the ventricle : the second is a 
contraction of the artery, somewhat similar, ex- 
cited by its distention : the third, though a pro- 
perty independent of life, is a power permitting 
no interval or alternation ; it is the elasticity of 
the coats of the artery : and these three powers, 
duly adjusted, keep up a continued stream in the 
blood-vessels. It is true that when an artery is 
wounded, the blood flows in pulses; but that 
proceeds from the regular acceleration of a j0t 
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which yet has no actual interruption. Were not 
this continued flow of the blood provided, there 
would be a loss of power, at each pulsation of the 
heart, in carrying the blood jfrom a state of rest 
to a state of motion ; and if we consider how 
many pulses there are in the twenty-four hours, 
80>000, we may make some estimate of the losjr 
of vital power that would accrue had there been 
a neglect of the law of inertia in the apparatua 
of circulation. 
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XXV. 

MICROSCOPIC PHENOMENA IN THE ANIMAL BODY — 
MOLECULAR MOTIONS — CILIARY MOTIONS. 

We have noted the judicious course pursued by 
Dr. Paley, in preferring the proofs of design 
drawn from the structures of our bodies, which 
secure our existence, or minister to our comforts 
or enjoyments; for in these there may well be 
perceived the object of the provisions, and the 
mode by which they are attained; and this sup- 
ports us in a due estimate of ourselves, — seeing 
that there is so much care of us, and that our 
bodily and intellectual endowments have so many 
relations to the system of nature. By the aid 
of the telescope or microscope we are equally 
carried, as it were, out of ourselves, to idcw 
nature foreign to us. If, it has been justly ob- 
served, in contemplating the heavens with minds 
ill confirmed as to the intentions of Providence 
towards us, the study is far from being con- 
solatory, the same may be said of the micro- 
scopic world. The discovery of the universal 
prevalence of life, of animals within animals, of 
the inhabitants of a drop of fluid as difficult to 
enumerate or arrange as those of the ocean, gives 
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rise to thoughts which do not flatter our self- 
importance, more than the contemplation of the 
magnitude of the heavenly bodies, and the extent 
of space through which they range. It will, there- 
fore, be tending to the object of this volume to 
show that with the microscope, that is, by observ- 
ing the atoms of our frame which are invisible to 
the naked eye, we discover motions and actions, 
both of inorganic and animated particles, which 
tend to the preservation of life, and to the per- 
formance of the offices in the animal economy, 
fully as remarkable as the contractions of the 
heart, or the play of the lungs. 

It will be necessary to the correct estimate of 
the facts which we have to mention, that we ad- 
vert- to a curious discovery of Mr. Brown, relative 
to the^motions of inorganic molecules. This gen- 
tleman's celebrity is of a kind which may not 
readily be comprehended by some readers; for 
his retired and philosophical habits cause him 
to occupy a small space in society at home, in 
comparison with that reputation which extends 
wherever science is cultivated. He was directed 
to this subject by a motion visible in the pollen 
of plants, when under his microscope, which led 
liim to further investigations ; and he found that 
when inorganic as well as organic bodies were 
minutely divided, and floated in a drop of water, 
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active motions were seen in the mcdecules. Th^ 
motions of these particles are different firom thost 
of animated matter. The molecules are spheri 
cal, and between 1.20,000th and 1.30>000th of ai^ 
inch in diameter. I have myself seen these, and 
nothing can be more surprising than their evolii-i 
tions, like figures in a dance> apparently produced 
by the attraction and repulsion of the particles 
themselves. It might be supposed that the rapi4 
evaporation from the surface of the drop would 
produce eddies within it, and that these molecules 
were carried by the circulation of the fluid ; but 
the ingenious mode by which Mr. Brown pre- 
vented the evaporation of the watery particle, by 
surrounding it with oil> whilst the motions of the 
molecules continued, refutes this hypothesis, and 
inclines us the more to rejoice that the curious 
phenomenon was discovered^ not accidentally, but 
by a philosopher. 

Indeed, whilst looking upon these molecules^ 
we are surprised by bodies, obviously animalcule^ 
jostling them, and darting across the field of th^ 
microscope ; and the natural reflection is, how 
much more minute must the constituent parts, or 
molecules, of these animalcules be ! Their motions 
are not fortuitous, or owing to any polarization or , 
influence external to them, as galvanism or mag- 
netism: they have instincts and appetites, and 
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are susceptible of excitement: their bodies are 
.nourished by digestion^ or imbibition : they have 
4nrculation^ though it may be with a difierenjt 
apparatus from that of larger animals : the^* cir- 
culating fluids^ their containing vessels, their ap- 
paratus for motion, imply that the ultimate moler 
cules of their composition must be infinitely small, 
even in comparison with the minute particles 
which we are contemplating : and this we state;, 
to do away with those speculations which men 
are prone to indulge in, when they suppose tha^ 
they have at last attained a sight, in these active 
molecules, of the ultimate particles which cour 
stitute the frame- work of animals *. 

Another class of facts drawn from the minute 
world is no less wonderful than the motion of 
these '* active molecules :" we allude to certain 
vibratory motions, or, as they are termed, ciliary 
motions, on the mucous surfaces of animals. They 
are somewhat analogous to the actions of the ro- 
tatory apparatus of some of the infusoria. Both 
the respiration and the prehension of food in 
these animals are accomplished by an influence 
of their bodies, whereby a current is kept up in 
the surrounding fluid; a fresh stream by this 

* Animalcules are visible in the microscope, so minute, that it 
is estimated that a million of them do not exceed in magnitude a 
grain of sand. 
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means plays over the apparatus of their respira- 
tory organs, whilst in some the minute particles 
of nutritious matter in the fluid are brought in 
contact with their prehensile organs. 

The soft aquatic animals, called porifera, have 
many orifices on their surface, into which the sur- 
rounding fluid is drawn, and being then brought 
into a common sac, it is expelled through a larger 
central mouth *. We can conceive an action of 
these pores, by which the water may be sucked in 
and propelled; but the more curious action is 
that of the cilia, or filaments, with which their 
tentacula are covered. These cilia have a mo- 
tion which produces a vortex in the fluid, and 
tends to convey the floating nourishment towards 
the mouth f . 

This well-attested fact leads us to comprehend 
the phenomenon which is the principal object of 
this note, and explains what is meant by '' ciliary 
motions." It is here necessary to mention that 
what anatomists term the mucous membrane is 
the lining of all those tubes and cavities of the 
animal body which open outwardly, in contradis- 
tinction to the membranes which line the proper 
cavities of the body, and which arc called serous 
membranes. It is of itself a circumstance tend- 
ing to the support of the conclusions to which 

* Dr. Grant. f Spallanxani. 
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the whole arguments of this book point, that the 
floids thrown out to lubricate these surfaces are 
various and appropriate to the nature of the 
cavity. The membrane which is continuous all 
around, and has no outlet, must be moistened 
by a fluid which is to be absorbed again; but 
the surface of the cavity which has an outlet is 
moistened by a fluid which is to be discharged as 
from an emunctuory. 

This brings us to the fact above referred to, 
which, if the observation has been correctly made, 
is by much the most extraordinary in the whole 
animal economy*. A portion of the mucous 
membrane of an animal recently killed is placed, 
with great nicety, under the field of the micro- 
scope, and in water : some fine particles, which 
will float in the water, are then added. What 
has been used with most advantage is the black 
pigment of the eye, which is easily difiused, and 
the particles of which are very minute. The ex- 
perimenter is here cautioned to distinguish the 
molecular motions discovered by Mr. Brown, from 
those now to be described. A rapid vibratory 
motion is to be seen on the surface of the mem- 
brane, and these motions produce a current in 
the fluid in contact, which is made apparent by 
the floating of the minute particles of the pig- 

* First observed by Purkinje and Valentin. 
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. meBt The remarkable part of this phenomenOiL 
is the direction of these currents. The cilia^ cir 
small filaments projecting from the membrane> 
move in such a manner that the current is alwayis 
directed towards the outlet of the cavity or tube ; 
and thus it is conjectured that a new source and 
kind of action, independent of muscularity, (that 
is/ the irritability of the grosser muscular fibre,) 
is provided for the gradual and regular ejection 
of the secretions from these tubes and cavities 
which enter deep into the animal structure In 
this country these extraordinary endowments of 
the living surface are under the examination qf 
one* who will prosecute the subject with philo- 
sopliical precision, and the result of whose in- 
quiries may be expected with an interest pro- 
portioned to the important nature of the facts. 

* Dr. Sharpey, of Edinburgh. 
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XXVI. 

ON LIFE. 

When we survey the discoveries in the physical 
And abstract sciences, our wonder and admiratioipi 
are excited by the grasp and various powers of 
the human mind; but we learn, aliso, that men 
acquire a habit of viewing objects, and of think- 
ing, which trammels them, though possessed of 
the highest genius, when they change abruptly 
the subject of their studies. 

The life of the body is a study new to science, 
and it has no natural alliance with any of the 
higher branches which occupy men of intellect; 
yet it requires a great reach of thought. Those 
who follow intricate mathematical deductions, cal- 
culate the return of comets, estimate the magni- 
tude and attraction of the sun and planets, and 
even extend their investigations to the fixed stars, 
come to the subject as much under the influence 
of habit as the artisan who tries to accomplish by 
the dexterity of bis hand, that for which a diffe- 
rent manner of working has unfitted him. This 
may be a humiliating consideration, yet it must 
be acknowledged, or we shall never discover by 
what hypotheses we have hitherto been misled; 
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nor can we be directed in a course of observation 
likely to advance the science of Life. 

The chemist is in the habit of observing the 
laws of invisible powers, of elective attraction, of 
heat, and of electrical, or galvanic, or magnetic 
influences. He makes a step, from the observa- 
tion of the mere ponderable and visible qualities 
of matter, to the study of laws which govern that 
which can neither be weighed nor confined ; and 
we should imagine, therefore, that the process rf 
his reasoning would prepare him for comprehend- 
ing more easily the influence of life, as exhibited 
in the phenomena of the animal body. But it 
has been far otherwise. The chemist, when he 
commences the study of physiology, instead of 
pausing and considering that he is about to enter 
on a new region, where phenomena unexampled 
before are to be presented to him, or are to be 
seen through different media, and the forces esti* 
mated by different means, carries along with him 
habits of thinking which promise no improve- 
ment in this new field ; and, coming encumbered 
with all his apparatus, proceeds to measure that 
property which gives sensibility, motion, and 
thought, by the instruments he has hitherto em- 
ployed in marking the current and force of elec- 
tricity; and regards the brain as no more thatt 
an electric pile discharging at intervals along the 
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nerves the fluid successively developed. Such 
are the false analogies which satisfy ingenious 
minds^ so that they cease from inquiry, and leave 
science stationary. The mathematical and me- 
chanical physicians long retarded the true know- 
ledge of physiology; and we are now nearly as 
much embarrassed by the fashion of the day, of 
applying, to investigate the laws of life, the mode 
of reasoning which has been successful in the 
chemical sciences. There are but two men who 
have enlightened us on the doctrine of the life of 
the body, Haller and Hunter — and this is, in 
other words, saying, that it is altogether a recent 
science. 

It is necessary to premise thus much, that the 
reader may not feel disappointment, if he fail, at 
first, in attempting to comprehend the subject. 
What does he understand by life ? — That intelli- 
gence, feeling, and motion, which he sees mani- 
fested in the animal body. If, in this under- 
standing of the term, he hears that Mr. Hunter 
discovered that there was life in the blood, it is 
possible that he may receive the announcement 
with the same ridicule with which the world at 
first heard it. But let us see how the subject 
opened upon Mr. Hunter s mind. He was en- 
gaged in minute inquiries into the gradual deve- 
lopment of the chicken in the egg. On breaking 
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one egg it was found perfectly sweet; the next 
was in a high state of putrescence. What, then, 
was the difference of their condition ? Now let 
us not confound this question with what is termed 
organization. The chick at this time is concealed 
within a vesicle not larger than the head of a pin. 
It is the white and yolk of the egg that we are 
examining. Here is no heart, or vessels, or brain, 
pr nerves, or anything of an animal body. The 
question of organization, then, is put quite aside. 
Nevertheless, Mr. Hunter conceived that the <]Ut 
ference between the putrid and the sweet egg 
depended upon the influence of life, which in the 
latter counteracted the chemical affinities, and 
prevented the matter from falling into a pu- 
trescent state. If then, said he, the matter of 
the egg has that property of life to check and 
control the affinities which all matter divested 
of life is subject to, has it also the power of re- 
sisting the changes of temperature ? And now, 
upon comparing the putrid and the living egg^ 
he found that the latter resisted freezing; and 
he thus showed that the property which resists 
putrefaction is allied to the property of the anir 
mal body which preserves it in a uniform heat^ 
though exposed to the changes of temperature ii^ 
surrounding bodies. We see by this that a por- 
tion of matter in an egg, or in a seed, shall be 
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endowed with a principle, which, howerer obscure, 
we perceive by its effects. 

Thus, living matter is under the influence of 
laws totally distinct from those which govern 
dead matter. What shall we call this peculiar 
property ? We have acquired a notion of life by 
witnessing the effects of many causies combined 
in the whole animal. Motion is in general the 
result of these ; and so we associate life and 
motion. Mr. Hunter showed that each part of 
the body which possessed life exhibited it by dif- 
ferent phenomena. He said truly, that when the 
muscle cut off from the animal recently killed still 
palpitated, it was by its property of life. Accord- 
ingly, when a portion of the blood was with- 
drav^, he observed that it exhibited properties 
totally different from dead matter: it was drawn 
a fluid ; and this fluid presently coagulated. 
What, said his opponents, is there in this ? Do 
we not see a fluid jellying, and becoming soUd ; 
and is this to be a proof of life? But Mr. 
Hunter demonstrated that the coagulation of the 
blood was not in any respect like the formation ' 
of a jelly ; that heat neither accelerated nor pre- 
vented it; that it took place whether the fluid 
was left quiet or stirred; that nothing prevented 
the blood becoming soUd but the contact and 
influence of the living vessels of the body. E(e 
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showed, also, that the blood could be deprived 
of life or killed, and then it no longer coagulated^ 
In short, he compared this property of coagula- 
tion in the blood to the contraction of the muscle ; 
and, among other remarkable properties in the 
blood, he pointed out the coincidence, that when 
a man was killed by lightning, the muscle did not 
stiffen in death, that is, it did not contract, neither 
did the blood coagulate. 

The next step of Mr. Hunter was to combat 
those who would represent the body as bearing a 
resemblance to machinery moved by a weight. In 
the machine, he said, the weight of the jack-stone 
is conveyed from one lever to another, and from 
one wheel to another ; but what is there in this 
analogous to motions of the living body ? Take 
away one of these wheels, or levers, there is no 
property or power in it ; take a part of the body, 
and it has life, not as a property common to all 
the body, like that of gravitation in dead matter, 
but each portion has that endowment of life which 
is demonstrable or evident by distinct pheno- 
mena : and then he adds, true it is, that there is 
the example of beautiful machinery in the animal 
body, but how much more admirable are the 
different endowments of life which, corresponding 
together, minister to the intellectual being ! One 
part has the property of receiving impression. 
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another has the property of transmitting it, 
though it could not receive it. The mind thus 
approached and influenced, gives out its mandate 
by cords totally distinct, and with different pro- 
perties : these have no motion in themselves, but 
they arrange and control the moving organs of 
the body, which give locomotion and agency. 
The whole body, then, is a collection of parts, 
possessing different endowments of life, exhibit- 
ing, by different phenomena, the presence of 
that life ; and these different endowments have a 
bearing to each other, or a systematic arrange- 
ment, by which the communication is established 
between the mind and the external and material 
world. 

Mr. Hunter illustrated the subject thus: — 
Death is apparent or real. A man dragged out 
of the water, and to appearance dead, is, not- 
withstanding, alive, according to the definition 
we have given. The living endowments of the 
individual parts are not exhausted. The sensi- 
bility may be yet roused ; the nerves which con- 
vey the impression may yet so far retain their 
property, that other motor nerves may be in- 
fluenced through them ; the muscles may be once 
more concatenated, and drawn into a simulta- 
neous action. That vibratory motion which we 
have just said may be witnessed in a muscle re- 
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cently cut out of the body^ may be so excited in 
a class of muscles, for example in the muscles of 
inspiration, that the apparently dead draws an 
inspiration. Here is the first of a series of vital 
motions which excites the others, and the heart 
beats, and the blood circulates, and the sensibi- 
lities are restored ; and the mind, which was in 
the condition of one asleep, is roused into activity 
and volition, and all the common phenomena of 
life are resuscitated. Such is the series of phe- 
nomena which is presented in apparent death 
from suffocation ; but, if the death has been from 
an injury of some vital part, the sensibilities and 
properties of action in the rest of the body, 
though resident for a time, have lost their rela- 
tions, aiid there is a link wanting in that chain of 
vital actions which restores animation. Here, 
then, there can be no resuscitation; and the 
death of the individual parts of the body rapidly 
succeeds the apparent death of the b6dy. 

We perceive now that out original conception 
of life and the terms we use respecting it, in com- 
mon parlance, are but ill adapted to this subject 
when philosophically considered. We early as- 
sociate life and motion so intimately that the one 
stands for the other. If we then investigate by 
anatomy, we find a curious and minute mecha- 
nism in operation, an engine and tubes for circu- 
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lation^ and, in short, an internal motion of every 
particle of the frame ; and the anatomist is also 
led into the error of associating in his mind life 
mih. motion and organization. But when we con* 
sider the subject more closely, and divest our- 
selves of habits and prejudices associated with 
words, we perceive that, without making any vain 
and even dangerous attempt at definition, Ufe is 
first to be contemplated as the peculiarity distin- 
guishing one of two classes into which all matter 
must he arranged ; the one class, which embraces 
an living matter, is subject to a controlling influ- 
ence which resists the chemical agents, and pro- 
duces a series of revolutions, in an order and at 
periods prescribed; the other, dead matter, is 
subject to lapse and change under chemical 
agency and the common laws of matter. 

Let us examine the body of a perfect or a com- 
plicated animal. We find each organ possessed 
of a different power. But there is as yet no 
Conventional language adapted to our discourse 
on this subject, and that is the source of many 
mistakes ; for when a man even like Mr. Hunter 
had his mind illuminated upon this science, how 
was he to frame his language, when every word 
that he used had already a meaning which had no 
reference to the discovery he had made — to the 
distinct qualities which he had ascertained to^ 
belong to the living parts ? 
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The progress of science in the present day, 
although it docs not bring ns nearer to the com« 
prehension of the nature of life, yet furnishes us 
with such analogies as enable us more easily to 
comprehend how this principle may be combined 
with the material of an animal body, and yet be 
perfectly distinct from it. The discoveries which 
have led to the atomic theory, and to that of the 
molecules of bodies being under a polaric influ- 
ence, leave us with the impression that the mi* 
nute particles of common matter (in contradis- 
tinction to living matter) are under an influence 
which may be bestowed or withdrawn: that as 
the index of the compass points to the north by 
no property of the metal itself, but through an 
influence given to it and existing around it, so 
do the most minute particles of bodies arrange 
themselves by some such superadded influente, 
and partake of polarization. If, then, according 
to the prevailing opinion of philosophers, every- 
thing we touch, or see, or taste, all matter, in 
short, exhibits qualities arising from the arrange- 
ment of particles infinitely minute, and that 
arrangement resulting from an influence exterior 
to them, or superadded to them, does it not faci- 
litate our conception of a power or property be- 
stowed on what is termed living matter and yet 
essentially distinct? The difference between dead 
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Hving matter will then appear to be, that in the 
one instance the particles are permanently ar- 
ranged and continue to exhibit their proper 
character, as we term it, until by ingenuity and 
practice some means are found to withdraw the 
arranging or uniting influence; and then the 
matter is chemically dissolved : resolves into its 
elements, and forms new combinations : whilst the 
life continues, not simply to arrange the particles^ 
and to give them the order or organization oi 
the animal body, but to whirl them in a series qf 
revolutions, during all which the material is pas- 
sive, the law being in the life. The order an^ 
succession of these changes and their duration 
do not result from the material of the fram,e> 
which is the same in all animals, but from tht^t 
influence which we term life, and which is stipex- 
added to the material. 



VOL. II. 
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XXVII. 

lUUSTRATION OP TRV WOSCS OF A WATOH. 
(See beginning of Chap, I.) 

Makt, fesbajmrnrnt, fetaam eaorxj mitdies, witk- 
•at erwt iUaiaaghQm Midi pieees of mediankm 
besonesMeannre of time. This incanoiis habit 
im kvrtfal, fior it m$sj prerail to the neglect of 
ntker objecti. We muit soppoae suck personA to 
be quite sudiffereiit to the &traetiire of their own 
fnone, by which ihej moire and h/ff^e so many 
ci^yraenta. The embjeet Sorwm a good ksson in 
BiechanicB for a youth. Let him look into his 
watch> and learn how the wheda act^^nd how all 
are regulated by the balance, to measure time. 

When men are advanced in science, they have 
sometimes little objection to see the particular 
subjects of their study involved in mystery. They 
are apt to deliver things in the form of a paradox. 
Thus they will affirm that the power of the hand, 
exerted through a machine, may raise a weight 
of many stones, and that one pound may weigh 
up one hundred. We are entitled to say, that 
the thing is impossible as the mechanist literally 
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states it; that the props of the madune, the 
eeatre of the levers and the axles sustain hy mach 
the greater portion of the weight ; and that the 
power of the hand is only giTen in addition te a 
weight which^ though small^ has, by the distri- 
bution of the force on the fixed points of the 
machinery, become balanced against the greater 
w^ght to be raised. This is obvious in the sim- 
plest form of a machine, the wheel emd axle, when 
we see it at rest, and the lesser weight balancing 
the greater. In this figure the lesser weight and 
the greater weight are both sustained by the axle> 
and rest on the beams which sustain that axle. 




Call the lesser body ihe power, and the greater 

t2 
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body the weight ; and the motions of these will 
be in proportion to their distance from the centre 
of the axle. Accordingly, we may measure the 
space through which they move, by pulling on 
the lesser weight, and seeing how much of the 
rope is uncoiled in one revolution of the wheel, 
and comparing that with the length of rope coiled 
up round the axle in the revolution, and conse- 
quently in the corresponding time. 

A watch is an instrument where a set of wheels 
are made to revolve with a uniform velocity, and 
at a certain rate, so as to become the measure of 
time. When this motion is obtained, an index, 
or hand, is put on the axis of one of these wheels, 
and thus made to revolve on a dial, where the 
fractions of the revolution are marked. Two or 
more hands may be applied to diflFerent wheels, 
and these will indicate the subdivision of time in 
which the several wheels revolve in a minute, an 
hour, or in twelve hours. 




In this figure, a is the wheel, and the notches. 
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or rather the projecting points on it, the teeth *. 
B is the pinion, and the teeth on it are technically 
called the leaves. This is the wheel and pinion, 
and we perceive the resemblance to the wheel 
and axle. The teeth of the wheel move with a 
rapidity in proportion as the circumference of 
the wheel is distant from the axis or centre of 
motion. 

The wheel and pinion may be used either to 
accelerate motion, as when the power is applied 
to the pinion, or to diminish it, as when the power 
is applied to the teeth of the wheel, and conveyed 
through the leaves of the pinions to another 
wheel. 

If there be forty teeth in a wheel, and this 
wheel plays into the pinion of another wheel hav- 
ing ten leaves, ten of the teeth of the first wheel 
will cause the second to complete its circle ; and 
as there are forty teeth in the first wheel, the 
second will revolve four times for one of the 
first. 

If things were reversed, and the motion com- 
menced in the second wheel, so as to be commu- 
nicated to the first, the mechanism would then 

* The resemblance in these teeth to the jagged edge of a spur 
explains why certain wheels are called the "spur-gear.** The 
engraver has here substituted, for my sketch, a crown wheel, that 
is, one where the teeth stand on the edge of a circlet, and parallel 
to the I 
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hftve the cfeot of dimmishsiig ibe notion to ono 
qMurlar. In both these ways se tlie niieel avi 
piBiOB employedui the watck 




The power moving the wheels of a watch is the 
spring; it is here represented relaxed, as when 
the watch is run down. 




On the left hand of this fignre we have tfce 
barrel, a cyftidrical box, in which the flpring is 
co3ed ; and the extremity of the spring in the 
centre of the coil being fixed to an axle in tiie 
cenrtre of the barrel, while the outer extremity is 
attachefd to the inner circumference of the banet 
l^ a steel pin,1he barrel must thus turn round ma 
the spring uncoils. 

The pyramidal body on the right is the ;^i8ee. 
In winding up the watch, the Icey is fixed on the 
pivot of this body, turns the fiisee, and through 
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tlie diain -wkichfoiiis it to the iMnrel^tin bnrtl is 
also tvriftsd round, sad ^^ spring vithin wammA 
ck>se up to its SKle. Whem th» ke j is xemorod^ 
die sfiriiig «cte» die barrel slovlj vevohns, tsA 
ike chsan, wovad tqpon tbe bctrd and dmwiag mi 
the fusee, tnnis the finee loniuL Om tlse fasse^flf 
this body ^we observe the spur teedi of & vheel. 
This ivheel is the stmree of adl the mtns&BOigmtB im 
the waitch. 

We mwrt not n^Iect to obserre a prdtly qoii*» 
trivance to make the fiaeehanaeal pOTwer of IJmt 
fusee correspond irith the djirtininhfid poirer of 
the spring as it imeoils. The spring exerts tibe 
greatest fivoe vhem it b^ns to uncerU itoelC snd 
this foree is dinrimished as it relaxes. Ti^ ooiaaet 
this ineqnai^y the fi»ee is filmed. It is an aaia 
SK) contrived dial; with Hie vaarjing ptoiiwer;, Aa 
motion shall be unifoany aad for this purpaseit 
has the &rm of a truncated eone with a iqpinsl 
gBoove whieh receives the chain. When the 
spring is actmg with the greatest intensity; the 
clmin pulls on a part of the hmee^ not mndb. 
Temefved hxjm the centre of its sewahitiiMi* aad 
tlifivdhre with a saudl le^^erage; but when the 
spring acts feebly, as the spind grooi^ heoonea 
fiother and fEurtber removred horn the axis oi the 
fiisee,the chain is vseoiled from it widia gfoater 
lever power. 
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The great ^eel on the base of the fusee 
checks into leaves of* the pinion of the second or 
central wheel, and that moves, in succession, the 
ihird and fourth wheels. But before we estimate 
the effects of the respective wheels and pinions, 
we shall pass to the scapement, or balance. 

The effect of the scapement is to preserve the 
moving power, or '' sustaining force," uniform, to 
equalize the effect of the spring on the work ; for 
although this is in part effected through the 
fusee, it is not done suffidently. 

It is interesting and improving to observe, in 
the history of philosophy, how occurrences the 
most familiar become important when applied by 
genius to the arts. If a bell-rope hang free, and 
especially if a weight be appended to it, it will 
swing a long time. If we should chance to note 
the regularity and time of its motion, and so 
leave it, on returning, if it move at all, its motion 
from side to side (or its oscillation) will be per- 
formed in very nearly the same time as at first. 
Familiar and simple as this is, it is ike pendulum, 
and the measure of time ; and we can easily com- 
prehend that if a rod, thus swung; be so appended 
to the work of a clock, as to receive a slight im- 
pulse, sufficient to keep it in motion, it will re-act 
on the clock ; and if the motions of the wheels be 
nearly in accordance with the oscillation of the 
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pendulum, it will preserve the motion of the 
whole machinery correct. 

Accordingly it is easier to make a clock than a 
watch; for in a watch some substitute for the 
pendulum must be found ; and the substitute is a 
very delicate piece ot work, called the scapement 




The upper wheel here is the balance-wheel, 
within which a fine hair spring is coiled. This 
spring is alternately pulled and let go by a 
motion communicated to the wheel, and the 
spring, by the regularity of its motions^ answers 
the purpose of the pendulum. The notched 
wheel below is the scapement wheel; two pro- 
jecting pallets on different faces of the axle of 
the balance-wheel fall in succession between the 
teeth of the scapement- wheel ; when one of these 
slips off the teeth, and the axle is set free, the 
spring recoils, and dehvers the other pallet into 
the succeeding notch : and thus the regular mo- 
tion of the spring, without stopping the revolution 
of the scapement, regulates the time in which the 
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teeth are let loo«e, and by tliis means eqvnfiaei 
the motion of all the wheels. 




Here is another form of the scapement-wheel. 
Call the upper part the crutch, the lower the 
8capement -wheel. The suataiiiiiig force^ which> in 
this instance^ is the spring, operating through 
a succession of wheels^ throws out the pallet of 
the crutch from the tooth of the scapement : in 
doimg this the teeth act against a hair sponge 
whidi, by its reeoil, places the pallet ia the biic«^ 
ceeding notch. By this contrivance the regnkr 
motion of the hair spring corrects the lesser de* 
viatian in die motion of the wheels which might 
otherwise arise from the imperfiaction of tbewoik* 
maaship. The balance-wheel and spnstg 
with a quiokness whidi pennitsthe 
whed to beat 16,000 times in an heor-^he < 
mem rate ctf a watch that showv seemMk. 

Having seen how the motions are regidaited»w» 
may oonaider the rate of levolutioa in the whediw 
according to ilw number of leaves in tfepinioa% 
or •f the teeth in the drcumferenoe of the whednu 
The central wheel, a, that wUcfa is mofied b j die 
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fvAee, hsm Bixty-four teeth; these Ml into tiie 
pinicm ^( the third whedi^ b> which has eight 
leases, the wJieel itsdf havii^ sixty teeth ; these 
siidy teeth pky into the pmion of tibie fourth 
wheel, c^whu^ has eight leaves. The central wheel 
going round once in the hour^ the fourth wheel 
will go round sixty times in an hour, and with the 
hand attached to its axle it will mark seconds. 




Minutes. Seconds. 

This will be more easily uiidei*stood by a re- 
ference to the sketch. The wheel on the axis, a, 
to which the minute-hand is attached, turns round 
once in asi hour. Its sixty-four teeth play upon 
the p^on on the axle, b ; as this has eight leaves 
it wiU revolve once for every right teeth of a, and 
consequently eight times during the whole revo- 
lution of A, that is, in an hour. The wheel «n 
the same axle, b, has sixty teeth, which turn the 
eight-leafed pinion of g; it will, tfherefore, turn the 
axie, c, seven times and a half (for 60 -f- 8 =: 7^) 
during one revolution, or sixty times duixng the 
eight revdbtimiB which b makes in one hour. 
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Thus we have the minute-hand and the second- 
hand measuring minutes and seconds of time on 
the dial; but we have not yet the band which 
shall go round in twelve hours and mark the 
hours on the dial. To effect this the same ma- 
chinery is used: viz., the wheel and pinion; but 
the moving power is applied so as to diminish the 
rate of motion — that is, by making the force act 
from the leaves of the pinions to the teeth of the 
wheels^ instead of from the teeth to the leaves. 




We may remember that the centre wheel, a, 
goes round once in an hour; that the axle of 
this wheel passes through the dial and has the 
minute-hand attached to it. The pinion of this 
wheel, called the cannon pinion, has ten leaves, 
which play, during the hour, upon a wheel, b, 
having forty teeth, which accordingly is moved 
round only once in four hours. This wheel, b, has 
a pinion of twelve leaves working into a wheel 
of thirty-six teeth, and must therefore make three 
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revolutions to cause that to revolve once. But as 
the former, b, requires four hours for bne revo- 
lution, it must occupy twelve in making three ; 
and consequently the thirty-six toothed wheel 
will take twelve hours to complete one. To its 
axle, therefore, the index is attached, which we 
call the hour-hand of the watch. The axle is a 
cylinder which incloses the axle of the minute- 
hand, so that both revolve, indicating the hours 
and minutes on the same circle of the dial. 

It has taken some hundred years to perfect a 
common time-piece, and the account of the suc- 
cessive improvements is very curious. 
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III e<»^ttsi(m> we perceive tke dependeBce of 
the wheek of a watch upon each other ; they are 
BOlhing singly ; th^ have no ^^ergy inherent in 
them. In the animal &ame it is otherwise ; each 
^tinet pcHTtion has a quahty belonging to it^ 
which stands in relation to the quality of aome 
other part. 

Were any property different firom that of form, 
which gives the mechanical power, possessed by 
part of the watch, it might derange the 'move- 
ments. It would be fooHsh to imagine any en- 
dowment like that of life, but we may suppose 
some such property as polarization, or magnetism, 
added to a wheel or lever : what could result but 
disturbance of the mechanical adjustment ? We 
take the following felicitous example : — 

A watchmaker had put into his hands a time- 
piece ; but notwithstanding the excellence of the 
workmanship, it went irregularly. He took the 
work to pieces and put it together twenty times : 
no defect could be discovered, and yet it was im- 
perfect, — ^it was a bad watch ! At last, it occurred 
to him that the defect must be in the balance- 
wheel, (which we have seen to be the regulator of 
the watch) ; he thought it possible that this part 
had become magnetized, and on applpng a needle 
to it he found his suspicion true. By coming ac- 
cidentally into contact with a jnagnet, the metal of 
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the balance-wheel had acquired an attraction for 
the steel work of the watch. A property, super- 
added to a part of the watch, and at variance 
with the principle of mechanics on which the 
machinery was constructed, thus deranged the 
whole.* 

* We haye taken the iUastration from CecU*8 * Remains,' as 
quoted by Dr. Latham in his Lectures. The author uses it to 
eiplain the effect of a certain bias or predilection in the mindy 
which deranges the otherwise sound reasoning. 



END OP THE SECOND VOLUME. 
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